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THE ASSOCIATION OF THE BLACK (non- 
agouti) GENE WITH BEHAVIOR 


In the Norway Rat 


CLyDE E. KEELER 
The Edgewood School, Greenwich, Connecticut 


ican Society of Zoologists in Dallas 

December 1941 there was given a 
general account of what were interpreted 
as the pleiotropic effects of certain coat- 
character genes upon morphology and 
behavior.? 

In that preliminary report evidence 
was presented to show that in certain 
crosses of the Norway rat there was a 
definite association between coat color 
genes and temperament. These crosses 
were between albino rats of the Wistar 
strain, which carry black, and wild gray 
Norway rats. In the coat color segre- 
gates in Fy, and later generations it was 
found that the rats carrying the black 
gene tended to be tamer and less aggres- 
sive than the gray segregates. The ob- 
servations there reported have been 
supplemented and new tests have been 
applied to assay the temperamental dif- 
ferences, so that the findings are now 
based on a large enough body of data to 
have unquestionable statistical signifi- 
cance. 

The question of whether these tem- 
peramental differences are due to the 
pleiotropic effects of the actual coat color 
gene, or to the close linkage of that gene 
with distinct temperament genes is not 
completely settled by the data here pre- 
sented. The writer is inclined to believe 
that pleiotropy rather than linkage ac- 
counts for these effects. Evidence favor- 
ing pleiotropy of the taming effect as- 
sociated with the black (non-agouti) 
gene rather than linked-genes is as fol- 
lows: 

1. Of the tame laboratory strains of 
Norway rats in America, it was learned 
mainly by correspondence that the fol- 
lowing contain the black gene: August 
990 (by mutation), Fischer 6, Fischer 
230, Fischer 344, King Inbred, Marshall 


I: a paper presented before the Amer- 


371 


520, McCollum, New Haven, Osborne- 
Mendel, Philadelphia, Riddle, Curtis- 
Dunning selfed 34069, Sherman, 
Sprague-Dawley, Wistar Albino, Wistar 
Piebald, Yale, Zimmerman 61. Although 
these strains (except August 990) may 
possibly trace their black genes to the 
same mutation a hundred or more years 
ago, because most laboratory strains are 
distantly related, still these strains must 
have provided in recent years a great 
variety of residual hereditary back- 
grounds upon which to display the prob- 
able behavior tendencies of the black 
gene. Some of the strains named above 
have independent origins. Some are de- 
scended from Wistar Albinos; some 
from the Osborne-Mendel group. But 
because both of these source strains had 
mixed origins, it appears that some op- 
portunity has been given originally for 
separating the black gene from any pos- 
sible linked taming gene. The same ap- 
plies to the August 990 strain during 
its origin. An additional black strain is 
said by Dunning to be wild, but whether 
the wildness here is due to linked genes 
or to other genetic changes cannot be 
determined except by a long breeding 
program. 

2. A survey of stocks at the Wistar 
Institute revealed the fact that two black 
strains were derived by King from out- 
crosses of tame albino (carrying black) 
to wild gray Norway. These black strains 
were tame. Another strain of tame 
blacks was derived from a mixture of 
segregates from several outcrosses of 
different strains containing black. It is 
known that Hatai (1914) made an out- 
cross of tame Wistar Albinos (carrying 
black) to wild gray Norway rats. From 
this cross there descended a self black 
and a black hooded strain. The black 
hooded strain exists today, and is tame. 
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The black strain is extinct, but is re- 
ported verbally by members of the Wis- 
tar staff to have been tame. 

The Lashley and the Long-Evans 
strains arose from similar outcrosses of 
tame albinos carrying black, to gray 
Norway. Castle (personal communica- 
tion) has examined a pair of black rats 
from the Long-Evans strain and reports 
them “well behaved.” Enders (personal 
communication) finds his black hooded 
derivatives of Lashley’s cross to be tame. 

Each of the above named crosses gave 
opportunities for crossing-over’ between 
the black gene and possible, linked, tame- 
ness genes if such had been present. 

3. Because King’s mutant black stock 
was derived from the recessive black in- 
dividuals that segregated from her gray 
Norways during at least four consecu- 
tive generations, there were many oppor- 
tunities in five or more generations for 
crossovers between the recessive black 
gene in heterozygous state and any pos- 
sible linked taming gene or genes. To- 
day, tame black mutants are segregating 
from the 56th generation of gray Nor- 
ways. One adult black segregate has 
been examined and found to be tame as 
compared with its gray siblings. If this 
is a continued segregation of the old 
black mutation, rather than of a new mu- 
tation to black, there have been mani- 
fold opportunities for crossing over in 
at least 44 generations on the linked 
gene assumption. If a new mutation, 
there must be assumed the simultaneous 
mutation of at least one linked tameness 
gene, unless we accept the pleiotropy hy- 
pothesis. At least 25 of the earlier black 
segregates from the King gray strain 
have come under the observation of sev- 
eral persons, who describe them all as 
tame by nature. No black mutants were 
observed to be wild. 

4. King has a strain of chocolate rats 
derived from Cinnamon plus black (non- 
agouti). They are’ tame. Castle has 
made crosses with some of these animals 
and states (personal communication) 
that chocolate segregates are in general 
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tame, whereas cinnamons may be wild. 
Hence it would appear that the taming 
effect associated with the black gene in 
duplex can overcome the wilding effects 
not only of the gray Norway _back- 
ground, but also of the gray Norway 
background plus the cinnamon gene in 
duplex. 

The present paper also bears out the 
foregoing lines of evidence, in that 
marked behavior differences appear be- 
tween black (non-agouti) and gray Nor- 
way rats segregating from a cross of wild 
gray Norway to tame Wistar albinos.* 
This study, unlike the earlier one based 
on impressionistic observations! utilizes 
certain simple behavior tests for the pur- 
pose of recording individual responses to 
definite situations. Such responses could 
be subjected to mathematical checks for 
the statistical significance of such differ- 
ences in behavior as might be correlated 
with black and gray coat colors respec- 


tively. 
Materials 


Three Wistar albino females were 
mated to a gray Norway male, and hence 
it may be assumed that in the hybrids 
to be described, we are always dealing 
with the same identical black gene. 

Wistar albinos are homozygous for the 
three independent Mendelian recessive 
coat-character genes: albino, hooded 
(piebald) and black. Because these genes 
are all recessive (hooded giving in sim- 
plex a white belly spot, white paws and 
white tail tip) nothing except gtays hy- 
brid for all three recessive genes are ob- 
tained in the first hybrid generation. 
When a second hybrid generation is pro- 
duced by crossing together members of 
the first hybrid generation a normal, 
trihybrid, mendelian ratio is obtained of 
theoretically 27 grays, 9 albinos, 9 hood- 
ed, 9 black, 3 albino hooded, 3 albino- 
black, 3 black hooded, and 1 albino- 
black-hooded. In such a segregation 
there will be homozygous grays and 
grays ranging from those hybrid for. 
any one up to all possible combinations 


*Blacks and grays were chosen for intensive study because these two color-groups gave 
the most clear-cut distinctions of any of the color-groups reported upon previously by Keeler 


and King.1 
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of the three recessive characters. Albinos 
may carry one gene or two genes for 
any or all of the possible combinations 
of coat characters or they may carry 
none of them. The blacks, on the con- 
trary, cannot carry the gene for gray, 
although they may carry a gene for al- 
binism without detection. 

Thus, albinos will be useless for com- 
parisons, and grays will be expected to 
be more variable than blacks in behavior. 

One hundred and twenty-five F2 and 
backcross segregates (heterogeneous as 
to color), derived from the cross de- 
scribed above, were available. These have 
been subjected individually to several 
tests such as those listed by Hall. The 
results of these tests may be compared 
by color classes. 

The test segregates have been raised 
with animals of the several color varie- 
ties confined in the same cages. It is now 
realized, however, that there are possible 
advantages in raising each coat-color 
class separately for the purpose of reveal- 
ing all the inborn behavior differences 
existing between color classes, because of 
the probable environmental influence of 
cage associates upon behavior of the in- 
dividual. 

It may also be mentioned that sexes 
were separated, and about the same num- 
ber of rats were kept in each cage be- 
cause of the taming effect of crowding 
and the wilding effect of few associates 
or solitude. The average number of rats 
to a Wistar cage was five. Segregates 
were not handled from the time of wean- 
ing on, nor were they allowed to become 
previously familiar with the observer, in 
order that maximum differences could 
be obtained in the adults. 

We might expect the first test on seg- 
regates to be the most significant, be- 
cause even wild rats become tamer with 
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handling and soon are accustomed to a 
particular observer, as is evidenced by 
the holding experiments about to be de- 
scribed. Indeed, they probably become 
tame and docile in the hands of a par- 
ticular observer long before they may be 
handled by others. 

It may be stated that the hybrid rats 
of this series had become accustomed to 
the presence of persons in the laboratory 
although they had not been handled. As 
a group, they gnawed their cages very 
much, as do wild grays and mutant al- 
binos, in contrast to all other strains in 
the laboratory. This fact is an indication 
of their greater average activity. 


First Holding Test 


For the first holding test the door of 
each cage was opened and a rat was 


TABLE I. First Holding Test.* 


+8 
7 


CoLoe a | 
SEGREGATES & 


NUNBER OF RATS | 22| 67| 23 


% BIT1N6 34] 28) 45] 40 

% ATTACKING | 4|/4|/8| 9 

% SQUEALING | 67| 7/| 73| 68| 39| 28] 371 As 
/ 
45 


oO 
% Lavine Laks LAK) 49} 18 | 36 9 
% PUFFING 7|17) 18) 
% WAINING (7| 70| 4 

4 
9 


% CHITTERING 1 
% CRINATING | 53| 46\45| 57 
64 


% DEFECATING \73\ 75 


% No REACTION | 7 


70 
/ 


*The significance of differences in reaction between gray and gray hooded vs. black and 
black hooded rats recorded in the tables, has been determined through the kindness of Prof. 
H. M. Lufkin using Fisher’s chi-square method. Chances less than .05 and greater than .01 
(following Snedecor) are considered significant (marked s). Chances less than .01 are highly 
significant (marked hs) and those greater than .90 have no significance (marked +). 

The method used for determining the significance of differences between the means for 
reactions consists of first setting up a fourfold table of coat color against frequences of re- 
actions and non-reactions. The value of chi-square is obtained for one degree of freedom, and 
with Yates’ correction applied. Fisher feels that this is more satisfactory than the use of the 


point-binomial. (See Fisher and Yates,‘ p. 3.) 


| 
| 
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taken at random in the observer’s heavi- 
ly gloved hand. As little commotion as 
possible was caused. The animal was 
withdrawn from the cage and held quiet- 
ly in the hand for one minute during 
which time a number of possible reac- 
tions were counted that are recorded in 
Table I. 

For purposes of comparison the al- 
binos are of little value, because we do 
not know which individuals carry and 
which do not carry black latently, as 
mentioned above. Because we are really 
desirous of comparing merely the differ- 
ences between animals bearing two doses 
of the black gene and ones bearing its 
gray allel homozygously or heterozy- 
gously, we have combined grays with 
gray hoodeds and blacks with black 
hoodeds. Here we find the grays have a 
higher score than the blacks for biting 
(40:10%), attacking (9:3%), squeal- 
ing (68:37%), opening mouth (1:0%), 
laying ears back (45:10%), puffing 
(10:0%), whining (18:10%), chitter- 
ing (18:3%), urinating (51:7%), defe- 
cating (70:47%). One per cent of grays 
and gray hoodeds gave no reaction 
against 30% for blacks and black hood- 
eds. The average number of reactions 


TABLE II. Second Holding Test. 


oF 
oF Rars| 28 | 45| 22 | 67| 23| 7 | 30 

BITING 7 | 19} 9} 0| 7| x 
% ATTACKING 0] 3] x 
% SQUEALING 18 | 27| 46| 35| 28| 30] X 
% Lavine Fack| 7 | 0 | 17) 0| 73 48 
% PUFFING 3/9151 
%o WHINING x 
% CHITTERING 10|4|5|4] 0]28| 71x 
% 47| 32| 42| $0| 4| 271 x 
% DEFECATING \50| 47| 27|40| 69 | 43| 68 |S? 
REACTION 4) 9|6|9\4| 
Av. No, REACTIONS| 132 | 2.04 1.14) 2.15| 1.74) 1.77) 
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per individual was 3.22 for grays and 
1.27 for blacks. When these figures are 
examined statistically it is found that the 
differences in response for blacks and 
grays are highly significant for biting, 
squealing, laying ears back, urinating 
and no reaction. The difference is also 
significant for defecating. 

The above described observations were 
made on February 16. An annoyance 
test was carried out by nose-tickling 
with brush bristles on March 2. Two 
emergence tests were conducted on 
March 3 and March 4 respectively. Then 
a second holding test was made on 
March 5. This time the blacks and black 
hoodeds were removed last from each 
cage, it being supposed that the commo- 
tion of removing the grays might change 
their recognized tame behavior. How- 
ever, the differences between blacks and 
grays have not been eliminated entirely 
as will be seen in Table II. 


Second Holding Test 


Grays and gray hoodeds combined still 
exceed blacks and black hoodeds in the 
second holding test as regards biting 
(19:7%), attacking (7:3%), squealing 
(46 :30%), mouth opening (1:0%), 
laying back ears (40:13%), puffing 
(7 :0%), and urinating (42:27%), and 
also in number of reactions per individ- 
ual (2.15 : 1.77). The black’ plus black 
hoodeds exceed the grays plus gray 
hoodeds in whining (23:6%), chitter- 
ing (7 :4%), (63 :40% ), and 
no reaction (10:6 

From this table compared with Table 
I, it will be seen that familiarity with 
the experimentor and experimental con- 
ditions in grays plus gray hoodeds has 
probably reduced biting (40% to 19%), 
attacking (9% to 7%), squealing (68% 
to 46%), laying back ears (45% to 
40%), puffing (10% to 7%), whining 
(18% to 6%), chittering (18% to 4%), 
urinating (51% to 42%), defecating 
(70% to 40% ), and has increased no re- 
action (1% to 6%). The average num- 
ber of reactions per individual is de- 
creased from 3.22 to 2.15. 

The excitement of being the last rats 
taken from the cage apparently has in- 
creased for blacks and black hoodeds 
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the number of reactions from 1.27 to 
1.77. It has increased defecating from 
47% to 63%, urinating from 7% to 
27%, chittering from 3% to 7%, whin- 
ing from 10% to 23%, laying back ears 
from 10% to 13%. In spite of this evi- 
dence of greater excitement in the 
blacks, attacking remained the same as 
formerly (3%), squealing decreased 
from 37% to 30% and biting was re- 
duced from 10% to 7%. It will be noted 
that whining and chittering probably in- 
creased at the expense of squealing. 

When these figures are examined sta- 
tistically the differences between the re- 
sponses of grays and blacks have been 
reduced so that those for biting, at- 
tacking, squealing, whining, chittering, 
urinating and no reaction have lost sig- 
nificance. Defecating has questionable 
significance. Laying ears back is highly 
significant. 


First Emergence Test 


In the first emergence test, designed 
merely to determine whether blacks 
emerged from the nest more quickly 
than grays, the door of a cage was 
opened and the voluntary emerging or- 
der of rats with regard to their coat 
colors was recorded for all the rats 
emerging during five minutes. The re- 
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sults are given in Table III. It will be 
seen for example, that 14% of the al- 
binos achieved the distinction of being 
first emergent, 13% of the grays, 9% of 
the gray hoodeds, 30% of blacks, but 
none of the black hoodeds. Grays and 
gray hoodeds together scored 12% first 
emergents, while blacks and black hood- 
eds scored 23% of first emergents. Grays 
and gray hoodeds together scored 27% 
of first, second, and third emergents, as 
against 53% for blacks plus black hood- 
eds. If we consider the total of all emer-- 
gence, grays and gray hoodeds have 36% 
emergents compared with the record for 
blacks and black hoodeds of 60% emer- 
gents. 

But upon the basis of behavior un- 
influenced by cagemates, first emergence 
should be given greater weight than sec- 
ond emergence, second emergence great- 
er than third, etc. This is because after 
the first three rats have emerged with- 
out calamity, even very cautious rats 
may follow suite. If we weight the ac- 
tual numbers of emergents (1st, 2nd, 
and 3rd) with factors of 3, 2, and 1 re- 
spectively and then divide by population 
size as we have done in Table III, we 
get a score of .55 for gray and gray 
hoodeds to be compared with 1.27 for 
black and black hoodeds. 


TABLE III. First Emergence Test. 


GRAY 4 4 2 
3 27 36 
Geay Hooo\2219) tl 4 4. t 4 Oo {23 
x 
BLACA 23}30) 4] 22 4 9 o 4 
23 53 60) 
| 43 | o faa!) 0 o |43 
WEIGHTED. SCORES 
LAMA EMERGENT | 
AY (8x3) (3x2) 7x0) 
Hoop 2 7 


CoA r 2NO Ze, 4m SH 67 
Cozo URGENT NEM ERGENTH LMERGE | La 
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When statistically examined, the dif- 
ference in percentage for blacks and 
grays of individuals recorded as “first 
emergent” is not significant. But when 
first, second and third emergents are 
considered together, the difference be- 
tween blacks and grays becomes signifi- 
cant. This difference is retained so that 
when all six emergents are considered 
together the diversity of response be- 
tween gray and black is also significant. 

Because this rough emergence survey 
indicated such distinct differences in be- 
havior, it was decided to refine the test. 


Refined Emergence Tesi 


In the refined emergence test the door 
of each cage was opened in sequence and 
the time of emergence for each individ- 
ual during three minutes was recorded 
by means of a stop watch. The results of 
the refined emergence test are recorded 
in Table IV. 

It will be seen that of all animals 
emerging, grays and gray hoodeds aver- 
aged 84 seconds whereas the average 
time for blacks and black hoodeds to 
emerge was 57 seconds. 

If the individual records are broken 
up into those emerging during the first, 
first-and-second, and _first-second-and- 
third minutes respectively, 21% grays 
and gray hoodeds are found to have 
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emerged during the first minute com- 
pared with 40% of the blacks and black 
hoodeds. During the first and second 
minutes, 40% of the grays and gray 
hoodeds emerged as compared with 63% 
of blacks and Alack hoodeds. During all 
three minutes a total of 49% of the grays 
and gray hoodeds emerged, whereas dur- 
ing this same time interval 73% of the 
blacks and black hoodeds emerged. 

If one compares percentage of blacks 
emerging during the first minute with 
percentage of grays emerging during the 
first minute, the difference is not statis- 
tically significant. But if one compares 
blacks and grays emerging during both 
first and second minutes the difference is 
significant. When emergents of first, 
second and third minutes are compared, 
the behavior of blacks is significantly 
different from that of grays. 

If one weights the emergents of ‘the 
first minute with a factor of 3, emergents 
of the second minute with a factor of 2, 
and emergents of the third minute with 
a factor of 1, then the grays and gray 
hoodeds make a score of 1.10 to be com- 
pared with the black and black hoodeds 
score of 4.06. 


Smoke-Blocked Emergence Test 


Because it was noted that the gray 
rats were quickly becoming accustomed 


TABLE IV. Refined Emergence Test. 


% | % | % % 
| 805 | se] 36 18 53 53 
Gray |45| 27) 1644 zz) 40) 7 143 
gee 40 99 
Hooo| 22 |w) tl es 4. \54 
| 23] 9s |s7) 26 4] 9 4 
22 40 73 
Biack Hoa 7) 6) | 336 va. | “4. 186 
WEIGNTEO SCORES 
TOTAL 
ERGENTE SCORE 
Neon ‘a 410 
xa) 
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to the observer, it was decided to obliter- 
ate the human scent by the employment 
of tobacco smoke and repeat the emer- 
gence test. 

Two puffs of strong cigar smoke were 
blown into each of the two compart- 
ments of the cage. Emergence was then 
timed for three minutes and recorded on 
the individual behavior records for each 
animal. Data have been recorded as 
previously, except that the population 
tested is smaller due to interim execu- 
tion. The results are shown in Table V. 

It will be noticed that the scores in 
Table V correspond rather closely to 
those of the emergence test made March 
4, in spite of the smoke, although in Ta- 
ble V the effect of the smoke may possi- 
bly be evidenced by the lesser score of 
the grays (45:49%). The score of the 
blacks is several per cent higher in the 
March 26 test. When the scores for first, 
second and third emergence are weight- 
ed, there is less difference between gray 
and black, possibly due to grays mak- 
ing more places, and albinos doing bet- 
ter than previously with respect to the 
blacks. The test was made in the after- 
noon rather than in the morning. This 
fact may also have affected the score. 

But in spite of all this, the blacks and 
black hoodeds still make better scores 


than grays and gray hoodeds and timed 
emergence is strongly in favor of the 
blacks as being the less timid. When 
blacks are compared with grays, the dif- 
ference for emergents of the Ist minute 
is not significant. The difference for 
emergents of the first and second min- 
utes combined is significant as is the 
difference for emergents of the first, 
second and third minutes combined. 


Fourth Emergence Test 


A fourth emergence test was made on 
April 2. The results shown in Table VI, 
are in accord with those of the previous 
tests. An innovation was added to this 
test. At the time the fourth emergence 
test was carried out it was noted that 
most of the rats were dozing. Thus, only 
the rats that happened to be awake would 
be recorded, which would bias the re- 
sults. Hence the observer stirred up the 
rats in each cage with his gloved hand 
to awaken them and immediately started 
timing their emergence. The result was 
that an excitement factor was thus in- 
troduced. 

It will be recalled that in the first 
emergence test the difference in percent- 
age of blacks and grays recorded as 
“first emergent” was not significant. In 
the refined emergence test the difference 


TABLE V. Smoke-Blocked Emergence Test. 


Coar- NUMGBERN TOTAL EMERG I: EMERCING 
| DURING OURING OQURING QURING) OURING 
SECONOS| MINOTE MIN GTE | MINUTE MINUTES 
ALBINO \25\| 72 788 | 65.67 | 28.00 | /2.00 | 40,00] 8.00 | 48.00 
Cray 40} al 108s 1104 15.00 | 26.00 20.00 14500 
poe 10,00 26.6 
Gray Hooo| 20} 9 } 827 = 10.00. 20.00 1:00 |4s00 
| Ss 
BLACK | 24) 8) /62/ 4 | 33.33 | £083 4 
Btacr Hoon 5 4) 345 40.00 20,00 | 6a00 20.00 62 
WEIGHTED Stores 
n 1sT 320 
EMERGENT! STORE 
Geay ©? 10 0.78 
BLACK + (SKID 29140 
1:38 


378 The Journal 


in percentage of blacks and grays emerg- 
ing during the first minute was not sig- 
nificant. This was also true for the 
smoke-blocked emergence test. In con- 
trast to these results it will be noted that 
the difference in percentage between 
grays and blacks emerging during the 
first minute in the fourth emergence 
test is highly significant. In none of the 
other emergence tests is the difference 
between blacks and grays emerging dur- 
ing the first and second minutes com- 
bined highly significant, but in the 
fourth emergence test this difference is 
highly significant. It seems probable that 
these differences between the results of 
the fourth emergence test when com- 
pared with the other three emergence 
tests, are due to the excitement factor 
introduced. This would appear to indi- 
cate that grays were more disturbed by 
the stirring than were blacks. 


Annoyance Test 


The annoyance test consisted of tick- 
ling the nose of each rat in its cage 
with fine brush bristles one inch long 
fastened to a long wire handle. Data 
were recorded for the behavior of the in- 
dividual rats. When these data are sum- 
marized as shown in Table VII, it will 
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be seen that grays and gray hoodeds vs. 
black and black hoodeds made reactions 
as follows: biting (86:20%), attacking 
(28 :13%), squealing (21:10%), erect- 
ing hair (7:0%), snorting (3:0%), 
chittering (10:7%), hiding (1:0%), 
nibbling (0:3%). Fifteen per cent of 
grays and gray hoodeds made no reac- 
tion at all as compared with 73% for 
blacks and black hoodeds. 

We may compare the reactions of in- 
dividuals in the annoyance test with the 
reactions of the same individuals in the 
first holding test. If we seek out the rec- 
ords for those individuals that made no 
reaction to the holding test (H-test) and 
tabulate their reactions to the annoyance 
test (A-test) we find that 75% of these 
rats made no reaction to the annoyance 
test as well. They had a record of 16% 
biting, 8% attacking, and 8% nibbling. 
Under both tests these individuals were 
relatively undisturbed. 

When the figures for the annoyance 
test are compared for differences in re- 
actions between grays and blacks, biting 
and no reaction are found to be highly 
significant. Differences in chittering are 
of questionable significance. 

If we select those individuals that 
made no reaction to the annoyance test 


TABLE VI. Fourth Emergence Test. 


SECONDS MINUTE | MINUTE | MINUTES | M/INOTE MINOTES 
8 6/2 | 7.501 /2.00| /6.00| 20,001 4.00] 32.00 
GRAY 139 “| 1413 20.51 12.02 133.33 (2.82 
27 
Geay Hoop 201 /o 628 62.80) 20.00 30.00 sooo) 
S 
BLACK {22} /7) 954 22.73 
22 
BLACK 6 5s) 208 [4/60 16.67 83.33 
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regardless of color and tabulate their 
reactions to the first holding test, we 
find biting 19%, attacking 3%, squeal- 
ing 72%, laying ears back 28%, snort- 
ing 3%, chittering 6%, urinating 31%. 
None oi these animals defecated. 

The records of these relatively undis- 
turbed individuals in the holding test 
(as selected by their undisturbed reac- 
tions to the annoyance test) may be com- 
pared with the reactions of the individu- 
als to the holding test selected on the 
basis of their having attacked and bitten 
in the annoyance test. The holding test 
records of animals that made no reaction 
to the annoyance test vs. the holding test 
records of animals that bit in the annoy- 
ance test give biting (19:59%), attack- 
ing (3:38%), squealing (72:69%), 
opening mouth (0:3%), laying ears 
back (28:55%), snorting (3:14%), 
chittering (6:7% ), urinating (31:59%), 
defecating (0:69%), whining (0:31%), 
no reaction (28:3%). It will be seen 
that those animals chosen on the basis 
of disturbance in the annoyance test are 


TABLE VII. Annoyance Test. 


Annoyance Tesr of 
CoLsoas 

coe or | Sy Sell 

Nuwace a Kars | 67| 32| 29188 
% BITING /9 | hs 
%Arracking 13) xl 3|e|aelhs 
% |2/|/0| 72| o| 69] 
% of of 3} - 
% Hare\ 
% Lavine 0} 28] ss] s 
% SNORTING x 
\/0| 71827116) 71x 
% N/BBLING 
% H/01NG 
% WHINING 
% No PeEacTion| 15|73\hs 28| 75| 3 | s 


*Could not be determined. 
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much more disturbed in the holding test 
than are animals chosen on the basis of 
having made no reaction to the annoy- 
ance test. 

If figures for the holding test of in- 
dividuals that made no reaction to the 
annoyance test are compared with fig- 
ures for the holding test of individuals 
that bit in the annoyance test, we find 
that differences in percentage of biting 
and of attacking are highly significant. 
Differences in laying ears back, urinat- 
ing and no reaction are significant. 

These comparisons indicate that the 
individuals most disturbed in the hold- 
ing test are largely the same animals as 
are disturbed in the annoyance test, and 
that the animals undisturbed in the hold- 
ing test are largely those undisturbed in 
the annoyance test. 

Thus, we are dealing with individual 
similarities of reaction called forth by 
diverse situations indicating a constancy 
of behavior basis in the individual. Such 
a finding is commonly encountered by 
other investigators and was assumed in 
these studies. 


Garlic Test 


It had been noted previously that no 
rat of this series liked the smell of an 
onion and it was believed from untimed 
observations that albinos were less sen- 
sitive, or at least made less response to 
having a piece of onion held before the 
nose, than did rats of other coat colors. 

Hence it was decided to time the re- 
pulsion reactions of individual rats to a 
piece of garlic (Allium sativum). The 
test piece was fastened to the end of a 
long wire and approached to within 
about 2 mm. of the rat’s nose. Timing 
was with a stopwatch. 

Mrs. Wilkinson (caretaker) reported 
that Wistar albinos, as compared with 
other rats in the laboratory hesitate a 
long time, rather bewildered “as though 
they didn’t know what it was all about” 
when one offers them a piece of food. 
She stated that other rats sniff for an 
instant and either take the food if they 
like it, or if they don’t like it, they back 
away from it. Both Miss Meeser (Asst. 
Curator of the Colony) and Mrs. Wil- 
kinson aver that when rats have tasted 
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something they do not like, they may 
push the floor away in front of them 
with both paws, or they may run along 
rubbing their mouths on the floor. 

If one examines the results of this gar- 
lic test, shown in Table VIII, one finds 
that 71.43% of albinos backed away af- 
ter sniffing the garlic for an average of 
9.87 seconds, as compared with 50.91% 
of grays and gray hoodeds that backed 
away after an average of 4.28 seconds, 
and also as compared with blacks and 
black hoodeds 89.28% of which backed 
away from the garlic after an average of 
5.48 seconds. The smelling and then 
backing away appears to be a definite ol- 
factory test, the animal backing away 
because he does not like the odor of allyl 
sulphide (CsHs5) 2S. 

When the difference in percentage of 
grays that sniffed the garlic and backed 
away are compared with the percentage 
of blacks making the same reaction, the 
difference is found to be highly signifi- 
cant. 
4.76% albinos, 18.92% grays, 22.22% 
gray hoodeds, 0% blacks, and 28.57% 
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black hoodeds attacked the onion in av- 
erage times as follows: 1.00 secs., 2.00 
secs., 2.25 secs., 0.00 secs., and 1 sec. 
The reactions of these animals are less 
understandable. Did they quickly smell 
the garlic, and attack it because they 
hated the odor, or did they attack be- 
cause they saw a strange object quickly 
appear before their faces, not having re- 
ceived or interpreted the odor at all? 
Indeed, there may be mixed motives 
represented in this protocol. 

The difference in behavior between 
blacks and grays here is not significant. 

23.81% albinos, 16.23% grays, 11.11% 
gray hoodeds, 4.76% blacks and 0.00% 
black hoodeds bit the garlic after sniffing 
for the following average times: 3.60 
secs., 4.67 secs., 5.00 secs., 4.00 secs., 
and 0.00 secs. respectively. This reac- 
tion appears to consist of careful olfac- 
tory testing followed by the desire to 
test the taste of the garlic as possible 
food. However, this group may possibly 
contain animals that finally became an- 
gry enough to bite the garlic although 
not exhibiting actual attack. The differ- 


TABLE VIII. Garlic Test. 
AATER REACTIONS APTER 
av. TIME SECONDS 
WW SECONOS 
(azt) (nzs) 
ALainvo | 4.76% 23.8/% 
9.87 Secs. 1.00 secs. 3.60 Secs. 
(neat) (ne 28) (nent) | (226) (7:8) JUMPED BACK 
4. 
GRAY |37| 56.76% 18.92% 16.23% 1. GRABBEO GARLIC 
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0. /4. fo} 
(n:7) 50.91% (ne2) 54% NOSE 
4.8A 
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486 Secs} 2.25 secs] 2.09 onan eo mourw 
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es) 
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2.60 Secs. 
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of CRAY Vb: A 
DIFFERENCE s 
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ence in time between this reaction and 
the attack make them appear distinct as 
is shown in Table VIII. However, ex- 
amination of the figures reveals the fact 
that there is no significance in the differ- 
ence between the reactions of blacks and 
grays. 

Curiously enough, the grays and gray 
hoodeds are still indicated as wilder rats 
than the blacks and black hoodeds by the 
following analysis: although 50.91% of 
grays backed away from the garlic as 
compared with 89.28% of the blacks, 
still it took the blacks an average of 1.20 
seconds longer before they reacted. 
Furthermore, 20.00% of grays and gray 
hoodeds attacked the garlic as compared 
with 7.14% of blacks and black hoodeds. 
If the miscellaneous reactions are cred- 
ited, the grays and gray hoodeds are 
found to be still much more wild than 
indicated by these figures. 

But a quite unexpected result is also 
derived from this test: 71.43% of al- 
binos require 9.87 secs. before backing 
away from the garlic. Combined grays 
and blacks give 66.26% backing away 
after 4.85 secs. This would seem to indi- 
cate very definitely that the albino rat is 
much less responsive than the pigmented 
animals, 
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To check this observation on other 
animals, the garlic was held before 10 
Hatai black hoodeds that backed away 
from it after an average of 7 seconds, 
whereas a corresponding number of 
Wistar albinos never did back away from 
it, but after a time, (about 15 secs.) 
three of them tested it with their teeth. 
So far as coat-color genes are con- 
cerned (Wistar albinos are Hatai hood- 
eds plus albinism), it would appear that 
extreme dullness of the olfactory sense 
is brought about by the albino gene. 


Discussion 


The foregoing data have given clear 
indications that marked differences in 
behavior exist between gray and black 
segregates, but the tests do not separate 
animals of the two coat colors sharply. 
With any “trait” as fluid and pervasive 
as temperament, even if differentiated by 
a single gene substitution, we would not 
expect any such division. Wild animals 


are distinguished from tame animals not 


by a single reaction, but by a cluster of 
reactions, by a tendency to react more 
violently with excitement. Many cases 
have been reported in the literature 
wherein the presence of a gene is un- 
mistakable but with its expression varia- 


TABLE IX. Data of the First Holding Test. 
identification number indicates a backcross animal. 


Small numbers identify individual rats. 
All others are F, animals. 


A dot beside the 
X indicates reaction made. 


RATS 
ATTACKING x Ox x 
OPENING MOUTH x 
X 0000000 OOK WOK KKK MK 
SNORTING x x xx X x 7 
VRINATING OOK XK KK KO KKK KWOK KX KK 
DEFE CATING YOO KKK KKK KK KK K XK XO 
WHINING x x XK xx 12 
CHIT TERING x x s 
No REACTION x x 2 


BLACK RATS 


LOENT/FICAT/ON 
ee 


BITING xx x 3 
ATTACKING x / 
SQUEAL/NG x xX XK KX KK 
OPENING MOUTH ° 
LAYING x x 2 
LR/NATING x 2 
DEFECATING XK KKK XK OK XK 

LAIN ING xx x x 4 

AITTE RING x / 
No REACTION x xx x xx XX 8 
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GRAY RATS 
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NUMBER OF 
BLACK RATS 
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NUMBERS OF REACTIONS 


/ 


TOTAL REACTIONS COMPARED 
Figure 2 
Histograms for comparing the numbers of 
reactions per individual among gray and black 
hybrid rats in the holding test. 


ble — sometimes over a considerable 
range. 

In this experiment, the grays contain 
individuals some of which carry the 
black gene in one dose, and others of 
which do not carry the black gene at all. 
The blacks on the other hand, are all 
homozygous for the black gene, because 
black is a mendelian recessive, and hence 
the black population is genetically more 
uniform. Thus, if behavior trends are 
correlated with coat-color genes, the 
blacks should show a more homogeneous 
group of behavior reactions, all having 
very low wildness scores unless influ- 
enced by association with wild litter 
mates. 

In the wild individuals there is greater 
chance of showing taming effects due to 
a peaceful laboratory environment, than 
there is of individuals tame by nature be- 
coming wild. And because the naturaily 
wild individuals are largely grays, this 
environmental influence should also tend 
to make greater variability among grays. 


The Journal of Heredity 


Gray 

/ 4 Ss 

20 


z2 4 


oF RAGE 
REACTIONS 
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Figure 3 
Histograms for comparing the number of 
rage reactions per individual among gray and 
black hybrid rats in the holding test. 
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The raw data of the first holding test 
have been arrayed in Table IX. If the 
various numbers of reactions made by 
different rats (regardless of type of re- 
action) are plotted against the number 
of individuals making each consecutive 
number of reactions, we find a relatively 
wider distribution (from 0 to 7 reac- 
tions) for grays and a more restricted 
distribution (from 0 to 4) for blacks. 
These facts are shown graphically in 
Figure 2. 

When these data are examined statis- 
tically* it is found that for the gray dis- 
tribution the mean is 3.2 with standard 
error of 0.2. The standard deviation is 

The value of 8, for this sample at the 


*Symbols used in these comparisons are as follows: 

Bi (beta:) is a measure of skewness of the distribution function. (Pearson) 

Bs (betas) is a measure of kurtosis (flatness or peakedness). (Pearson) 

s is the standard deviation of the sample. (Fisher) 

o (sigma) is the standard deviation of the theoretical distribution. 

t is “Student’s” distribution as modified by Fisher, used for the purpose of testing the criti- 


cal value of differences between means. 


Keeler: Rat Behavior 


two per cent point is .424 so that we 
would expect a normal curve to agree 
with the distribution. (See Pearson,® 
vol. II, p. 224). 

A normal curve fitted to these data 
gives a value of chi-square of 4.87 and 
entering the table with 4 degrees of free- 
dom (leaving 6 less mean plus standard 
deviation or 4 degrees). Since the end 
values were combined to increase the 
frequencies to at least nine, P = 0.30, 
which is satisfactory, according to Fish- 
er, because it lies between 0.9 and 0.1. 

The blacks have a mean of 1.3 + 0.2. 
The standard deviation is 1.1. 8; = 0.47. 

In this case the values are such that a 
normal curve would fit the population. 
However, it was not satisfactory to fit a 
normal curve to the data owing to lack 
of number of divisions. 

When we compare the mean for grays 
with the mean for blacks we find, using 
Fisher’s terminology, s = 0.1474, t = 
42.6180, P < .001. Hence the differ- 
ence is highly significant. This curve 
fitting has been carried out to see if the 
data represent a normal] distribution, in 
which event the tests for significance are 
more accurate than if they do not repre- 
sent a normal distribution. 

By inspection of the original data it 
will be seen that such reactions as squeal- 
ing, whining and defecating are very 
commonly found in both grays and 
blacks and hence may not be good indi- 
cations of temperamental differences. In 
fact, they may actually be extraneous to 
the general group of reactions associated 
with what may be called rage. Chitter- 
ing and opening the mouth are too rare 
to be of much value. 

If we plot the remaining data (i.e., 
those for biting, attacking, laying ears 
back, snorting, urinating) in order to 
isolate for comparison the rage cluster 
of reactions, we find the facts depicted in 
Figure 3. Both the gray and_ black 
curves are moded at 0. Blacks fall off 
sharply, there being but one rat making 
as many as two rage reactions. On the 
contrary, the gray curve continues high, 
there being 16 rats making one rage 
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reaction, 15 rats making two rage reac- 
tions, 12 rats making three rage reac- 
tions, 6 rats making four rage reactions, 
and 1 rat making five rage reactions. 
Thus, by removing those reactions not 
supposed to be associated with rage, the 
differences between grays and blacks are 
more accentuated than when we consid- 
ered all reactions regardless of type. 

When we study the distribution of 
these reactions for grays we find mean 
= 16+ 0.1. Standard deviation = 1.3. 
Bi = 0.14. Bo = 2.16. The theoretical 
population has probably a Pearson Type 
I curve. 

The black distribution has a mean of 
0.3 + 0.1. The standard deviation is 
0.5. B: = 3.14. Bo = 5.20. The theo- 
retical population probably has a Pear- 
son Type I curve. (See chart on p. 66, 
Pearson,® vol. I). 

The means for grays and blacks may 
be compared. Here it is found that s = 
0.2147, t = 40.3964, P < .001. Hence. 
the difference between the means is high- 
ly significant. 

Another difference observed between 
gray and black rats is the intensity of 
reactions made. The squeal of the gray 
rat is frequently loud and prolonged; 
that of the black, a short cry of no great 
intensity which may degenerate into a 
protesting whine. Urinating frequently 
consists of a strong spurt or stream in 
the gray as compared with the slow emis- 
sion of one or several drops in the black. 
Defecation frequently includes the extru- 
sion of three to five boluses in grays, but 
more often of a single bolus in blacks. 
Biting in the gray rat may entail a series 
of six or seven forceful bites delivered 
with machine-gun rapidity ; in the black 
it is often a single, weak nip. 


Summary 


1. Two holding tests, four emergence 
tests, and an annoyance text give similar, 
results indicating the greater wildness 
and savageness of animals bearing a gray 
coat compared with those having a black 
coat in a population of 125 segregates of 
crosses of tame albino (carrying black) 
with wild gray Norway. It is likely that 
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pleiotropy accounts for this association 
between coat color and temperament. 

2. Comparison of the annoyance test 
with a holding test shows the most an- 
noyed and the most undisturbed rats in 
each test to be largely the same indi- 
viduals, as would be expected, if the 
basis of wildness and savageness remains 
relatively constant in the individual un- 
der different situations. 

-3. A garlic test suggests differences 
between gray and black segregates in 
the sense of smell. It also suggests that 
the albino gene has a profound dulling 
effect upon that sense. 
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The British Birth Rate 


The serious threat to our population due to 
the falling birth rate continues to attract at- 
tention. Prof. Munro Kerr, president of the 
Obstetrical and Gynecological Section of the 
Royal Society of Medicine, has made a medical 
contribution to the discussion in the form of 
a communication to the Times. The annual 
birth rate per thousand of population for Eng- 
land and Wales was 32.4 for the decade 1881- 
1890 (average), 18.3 for the decade 1921-1930 
(average), 14.9 for the year 1939 and 14.6 for 
the year 1940. Up to the present the fall in 
the birth rate has been offset to a considerable 
extent by the dramatic fall in the infant death 
rate in the present century—from 150 to 55 
per thousand live births. But this compensa- 
tion must necessarily diminish. Notwithstand- 
ing the general fall of infant mortality there 
has been little lowering of the stillbirth rate 
or neonatal (first month) mortality, as these 
figures show: 


Rates per Thousand Live and Stillbirths 
(England and Wales) 


Neonatal Death Rate 


(Ages Combined 
Year Stillbirths 0-4 Weeks) Rate 
1928 40.1 29.8 69.9 
1929 40.0 31.5 71.5 
1936 39.7 29.0 68.7 
1937 39.0 28.6 67.6 


Munro Kerr states that not all these deaths 
are preventable, but something between 30 and 
50 per cent could be prevented by improved 
antepartum, intrapartum and postnatal care. 
For this purpose he has been advocating for 
twenty years a national maternity service in 
which obstetric specialists and the public health 
service would work in cooperation. He quotes 
from the brochure Population and Fertility, 
issued by the Population Investigation Commit- 
tee in 1939 under the editorship of D. V. Glass 
(statistician) and C. P. Blacker (physician 
and secretary of the Eugenics Society) : “The 
causes of the decline of fertility are numerous, 
complex and deep seated. In western Euro- 
pean countries they form so intimate a part of 
the twentieth century view of life that effective 
countermeasures will not be easy to find. What 
we should do is not to suppress birth control 
but to remove as many as possible of the ob- 
stacles impeding the free expression of the 
parental instinct. Conditions should be cre- 
ated in which people would want to have 
children.” 

Munro Kerr thinks that there is little pros- 
pect that the birth rate can be increased un- 
less the government tackles the problem seri- 
ously and introduces radical measures. Un- 
fortunately no political party looks far ahead 
or has much vision. That is left to small 
minorities who are called “alarmists.” He 
warns the government, as others have done, 
that the situation will become desperate in 
some years, when hurried legislation will be 
too late—J. A. M. Assoc. July 4, 1942. 


POLYDACTYLY, A SUB-LETHAL CHAR- 
ACTER IN THE PIGEON 


W. F. AnD W. M. Levi 
Palmetto Pigeon Plant, Sumter, S. C. 


PIGEON with double hind toes 
A was illustrated in this JOURNAL 
for 1916 (p. 321). The bird was 
a domestic pigeon (Racing Homer) 
found in Australia, and it lived to ma- 
turity. Mated with a sister, it produced 
an offspring which had an extra toe on 
one foot. According to Fontaine”, extra 
toes are found in the Syrian variety of 
the Spot breed (/e pigeon huerté syrien), 
but he gives no further details or illus- 
trations. This variety has apparently 
never been described elsewhere, and its 
existence seems questionable. 
. The above references are the only 
ones, to our knowledge, up to 1941 on 
the occurrence of polydactyly in pig- 
eons. 

In August, 1939, a polydactyl squab 
appeared at the Palmetto Pigeon Plant 
ot Sumter, S. C. The parents were Sil- 
ver King pigeons, both perfectly normal 
(mating K17-531). Each of the squab’s 
feet had an extra hind toe, just as shown 
in the 1916 illustration ; in addition, each 
wing had an extra thumb (see Figures 
5A and 4A). A photograph of this squab 
at the age of about five days is given by 
Levi? (p. 240). 

This squab was given careful atten- 
tion. It was very plump and fat, but 
was retarded in growth and had a chron- 
ic wheeze or rattle in breathing. At 
weaning age (about one month) it was 
removed from the adult pigeons and 
placed in an individual coop. It showed 
no ability to feed itself and had to be 
hand-fed. At this time it was consider- 
ably smaller than normal Silver Kings 
of the same age, and was abnormal in 
several other respects. The lower beak 
projected nearly an eighth of an inch 
beyond the upper; the legs were short, 
particularly the tarsi, giving a squatty, 
duck-like appearance; and the plumage 


was somewhat defective. The main tail 
and wing feathers were somewhat frayed 
and twisted, and there were only six 
rectrices instead of the normal twelve. 
The bird could not fly, and had some 
difficulty even in walking. In spite of 
good care and superficial healthiness-— 
no emaciation—it died at the age of 35 
days. Autopsy failed to reveal the cause 
of death; the internal organs appeared 
normal. The sex was female. 

In the following year (1940) more 
polydactyl squabs appeared, not only 
from the same parents but from three 
other pairs of Silver Kings (matings 
K17-534, K15-453, and K7-365). Two 
more pairs of Silver Kings produced 
polydactyls in 1941 (K15-457 and K3- 
422). From these six pairs a total of 
24 polydactyl squabs has been obtained. 
An additional specimen of unknown par- 
entage was found under foster parents 
in 1940; its color indicated that it, too, 
was of Silver King origin. None of the 
polydactyls lived to maturity in spite of 
better than ordifiary care. Though often 
placed under the best foster-parents, the 
majority died at less than three weeks 
of age from no definite ailment. 

Although these polydactyls all resem- 
bled each other to some extent, there 
was nevertheless a wide variation. An 
exhaustive study of the anatomical dif- 
ferences has not been attempted, but a 
brief survey of the range is desirable. 
Of the 25 specimens, 18 were preserved 
for study, and these are probably a fair 
sample. The feet varied from having 
only a single, broad, flat hind toe with 
two claws to fantastic hand-like extremi- 
ties with six digits and up to seven 
claws. Leg length varied from slightly 
below normal to very much shorter. 
Extra thumbs on the wings were absent 
in several cases. At the other extreme, 
two young which died before hatching 
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POLYDACTYEL SQUABS 
Figure 4 


A—the first polydactyl discovered at an age of about one week. 


Note the extra hind toe, 


the extra thumb on the wing, and the undershot beak. The bird is a female and is classified as 
Group II. B—An extreme (Group IV) polydactyl female which failed to hatch. Note the 


multiple thumbs on the wings and their paw-like appearance. 
markedly distorted. The undershot beak and the short down are also characteristic. 
female polydactyl from the White family,—not closely related to the others shown here. 


On the feet the extra toes are 
C—The 
The 


extra toe and the undershot beak resemble the Silver King polydactyl, but the wings and the 


down are normal. 


had wings so extremely polydactylous 
that they resembled embryonic mam- 
malian fore-paws. All the polydactyls 
except one had undershot beaks; and 
that one, which lived to 45 days, had 
upper and lower beaks of equal length, 
without the normal tendency for the up- 
per to hook over the lower. The tail 
feathers were of sufficient length to be 
counted accurately in only six cases. 
Only one bird in addition to the first 


had a subnormal number; two others 
were normal, and the remaining two had 
one more than normal. The plumage 
was slow-growing in all specimens, and 
somewhat defective in the two older 
specimens which had fully developed 
feathers (see Figure 7). Another pe- 
culiarity observed in all cases which 
were examined early enough was short- 
ness of the nestling down, similar to the 
condition found in young of “dilute” 
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POLYDACTYL FOOT AND “HAND” 
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Figure 5 
At left, the “hand” region of the right wing of a Group III polydactyl male, which survived 
15 days. Some feathers have been removed to show the extra thumb (indicated by arrow). 
At right, is the right foot of a Group II polydactyl dead at 35 days. 


coloration. Normal Silver Kings are not 
of this type (Levi,? p. 222). 


Correlated Variation 


All the above abnormalities were clear- 
ly correlated in their variation. That is, 
the more abnormal a squab was in re- 
gard to one feature, the more abnormal 
it tended to be in regard to the others. 
This correlation was not perfect, but it 
should be noted that a small degree of 
asymmetry or difference between right 
and left sides in regard to any one fea- 
ture was found in many of the specimens 
(Figure 6). Because of the correlation 
it was rather easy to classify the poly- 
dactyls into four grades or groups, as 
follows: 

Group I. No extra thumb or only on one 
wing; single extra hind toe, generally 
more or less joined with other toe. 

Group II. Single extra thumb on both 
wings ; single extra hind toe on each foot, 
usually not joined with other toes. 

Group III. Single, usually large, extra 
thumb on each wing; two extra toes or 
claws on one or both of the feet. 


Group IV. More than one extra thumb on 
each wing; two or more extra toes or 
claws on one or both feet; feet distorted. 

Only one specimen, a 24-day-old male, 
did not fit into this grouping. This 
squab had two extra toes or claws on 
each foot, but an extra thumb on only 
one wing. It seemed to be a compromise 
between groups III and I, and hence 
was placed in group II. The frequencies 
in the four groups are roughly equal 
except for group IV, which has only 
two representatives. 

When the ages at death in the differ- 
ent groups are compared (see Figure 9), 
it is seen that there is a definite correla- 
tion between the grouping and life ex- 
pectancy. The more abnormal a squab 
is, the poorer are its chances to live to a 
given age. Sex, however, appears to 
have little or nothing to do with the 
grouping or with age at death, although 
the three oldest specimens were all fe- 
males. As the female in pigeons is the 
heterogametic sex, and generally the 
weaker under adverse conditions, it is 
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MULTIPLE TOES 

Figure 6 ‘ 

Feet of a Group III polydactyl dead at 20 

days. Note the joined extra hind toes on the 

right foot and the broad extra toe with two 

fused claws on the left foot. Note also the 
short thick tarsi. 


interesting that the female polydactyls 
were at least equal to the males in vigor. 


Inheritance 


The stock of Silver Kings here in- 
volved originated from a few pairs of 
1935-bred birds obtained from the pigeon 
farm of G. W. Middleton and Sons, in 
Norristown, Pa. In answer to an in- 
quiry about the polydactyls, they stated 
that they “occasionally get a squab like 
this” (pers. com., 1940). Evidently 
then this stock can be expected to pro- 
duce the condition regardless of environ- 
ment. However, it must be noted that 
not one of the very numerous offspring 
of the original pairs was polydactyl, nor 
were any of the far more numerous sec- 
ond generation descendants of that type. 
Polydactyls appeared only in the third 
and fourth generations. 

An investigation of the pedigrees re- 
veals two very significant facts. In the 
first place, no inbreeding occurred be- 
fore the production of the third genera- 
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POLYDACTYL METHUSELAH 
Figure 7 


This female lived to the age of 157 days, 
which far exceeded the life-span of any 
other extra-toe bird. She was classified as 
a squab in Group I, the least abnormal type. 
Below is shown a tail-feather from this bird 
compared with a normal tail feather, to show 
the defective structure. 


tion (because it has been a breeding poli- 
cy here to discourage brother X sister 
matings). In the second place, all the 
polydactyls trace back on both maternal 
and paternal sides to one of the original 
pairs—the parents of the “Tan” family. 
In other words, the polydactyls were pro- 
duced by inbreeding, from matings of 
birds related to each other only through 
that particular pair of original Silver 
Kings. These facts all suggested the fol- 
lowing explanation: that the polydactyls 
are homozygous for a simple Mendelian 
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RELATIONSHIP OF POLYDACTYLS 


Figure 8 


Pedigree chart of the Silver King poly- 
dactyls. The generations progress from left 
to right. The male line is drawn solid and 
the female dotted. Sibs are enclosed in a 
bracket and headed by the mating number or 
name of the parents. 


recessive factor, which was introduced 
by one of the parents of the “Tan” fami- 
ly. To test these original birds, each 
was mated with a descendant which had 
produced polydactyls. The new mating 
involving the old male (K3-422) sup- 
ported the theory by producing a poly- 
dactyl, and the new mating involving the 
old female (K1-365) also supported it 
by not producing any. It appears there- 
fore that the original male, 35-1005, was 
the sole source of the trait. (See pedi- 
gree chart of the polydactyls—Figure 8). 

The theory that polydactyly is a sim- 
ple Mendelian recessive in inheritance is 
further supported by the ratio of 91 nor- 
mal to 24 polydactyls produced by the 
six matings (Table I). This ratio is 
not significantly different from 3:1 (ex- 
pectation 86:29). 

A final test was made to ascertain 
whether polydactyly could be produced 
without inbreeding—whether some chro- 
mosome aberration, rather than a reces- 
sive factor, might be responsible. Mat- 
ings K17-534 and K15-453, which had 
produced polydactyls, were broken up. 
The male parents were mated with ordi- 
nary females of the White Carneau breed 
(matings K11-330 and K11-349), and 
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POST-HATCHING DAYS OLD AT DEATH 


VITAL STATISTICS OF POLYDACTYLS 
Figure 9 


A tabulation to show the relationships be- 
tween the degree of polydactyly (group clas- 
sification), sex, family, and age at death. 


the female Silver King parents were mat- 
ed with White Carneau males (matings 
K12-353 and K12-359). These four new 
matings produced a total of 42 squabs 
from 43 eggs, and all young were nor- 
mal. Adding mating K1-365, we have 
five matings of polydactyl-producers to 
pure normal pigeons. These laid a total 
of 54 eggs and raised 50 young, all nor- 
mal. With such a low proportion of 
losses, there is certainly no indication 
of chromosome aberration here. Accord- 
ingly it appears unquestionable that the 
polydactyly and associated abnormalities 
are the effect of a simple Mendelian re- 
cessive factor, not sex-linked. We have 
given it the factor symbol py. 

Since not one of the 25 polydactyls 
survived to maturity, in spite of our ef- 
forts to maintain them, we consider the 
py factor sub-lethal. The immediate 
cause of death has not been found, and 
most of the specimens seemed to be 
thriving the day before death. The re- 
spiratory trouble noted in the first poly- 
dactyl was also present in most of the 
others which lived to the second week or 
beyond, and might have caused death by 
suffocation, but ordinarily this ailment 
is not serious, and none of the speci- 
mens showed internal lesions severe 
enough to be fatal. The polydactyls in 
group IV (extreme) were so abnormal 
that they were unable to hatch. The fe- 
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WHITE POLYDACTYL PEDIGREE 
Figure 10 


This shows some remote relationship to the 
Silver King breed wherein the other poly- 
dactyls appeared. 


male which lived to the age of 157 days 
would have died much younger under 
ordinary conditions, for the undershot 
beak made it difficult for the bird to pick 
up grain. It had to be hand-fed for 
some time after weaning, and would 
have starved to death later if feed and 
water had not been placed in the most 
obvious positions. Its eyes appeared to 
be normal but they did not focus forward 
properly, and the mental development 
seemed poor. The bird could not fly, and 
walked awkwardly. In short, whether 
extreme or slight, the expression of this 
factor makes for early death. 


A Separate Occurrence of 
Polydactyly 


By a remarkable coincidence polydac- 
tyly has also been discovered in an en- 
tirely unrelated family of pigeons at the 
Palmetto Pigeon Plant. This is a family 
of “Show White Carneaux,” but not 
purebred, as a White King male figures 
in the immediate ancestry. The first 
polydactyl from this family appeared in 
1940. The bird seemed fairly vigorous 
but died at the age of one day. There 
was a distinct extra hind toe on each 
foot, and the lower beak was somewhat 
undershot, but there were no extra 
thumbs on the wings and the nestling 
down was normal. The legs and tarsi 
seemed normally proportioned, not short- 
ened (Figure 4C). This specimen was 
female. 

The second polydactyl from this family 
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failed to hatch. It closely resembled the 
first except that the extra toe on the left 
foot had two claws, and the sex was 
male. The parent pair produced in all 
18 eggs, of which four were broken or 
lost, three had dead young embryos, and 
eleven produced describable squabs. Ex- 
cept for the two polydactyls, all young 
were quite normal. 

An examination of the pedigree (Fig- 
ure 10) shows that inbreeding is again 
involved. As purebred Carneaux have 
never been known to produce polydac- 
tyly, it is logical to place most suspicion 
on the King ancestor as the source of 
the trait, but in this case the original 
bird was dead and could not be tested. 

To test whether the same factor was 
involved here as with the Silver Kings, 
this white pair and mating K17-531 were 
broken up and the mates interchanged. 
The White male with the female Silver 
King produced 22 eggs, from which 16 
young were examined, all normal. Three 
of the remaining eggs were infertile and 
three had embryos dead at an early stage. 
The White female with the Silver King 
male produced 19 eggs, from which 13 
young were described, all normal; one 
of the remaining eggs was lost, another 
infertile, three had young dead embryos, 


TABLE I. Matings of polydactyl-produc: ith other (above 
with non-polydactyl-producers (below). 


EGGS | sauaBs 
K17- 531 | 30 1 
k17-53¢| #0 #|3 
K15-453] 18 13 | 4 
K7-365| 16} 2] 1 8 | 5 
K15-457| 12 | 
K3-422 | IG 1 1 
TOTAL |132| 2 | 7 a 5 
K1-365 | Il 3 | 8 
Kit- 330] 12 12 
Kil-349 | | 10 
K12-353 | 10 10 
K12-359| 10 10 
tora. | 54] 0 [0] 4 0 | 0 
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and one produced a squab which was 
not examined. Although the number of 
dead embryos from these matings is 
rather high, it is no higher than in the 
original white mating, and it probably 
has nothing to do with polydactyly. If 
we judge from the young described, it 
appears unlikely that the two types of 
polydactyly are produced by the same 
factor, or even by different alleles. In 
any case it appears that the second type 
is similar to the first in being simple re- 
cessive, autosomal, and sub-lethal. 
Discussion 

At present only speculation is possible 
as to the causes of the wide variation of 
expression of the py factor. Modifying 
factors could be postulated, but the exis- 
tence of some asymmetry suggests that 
the factor may be sensitive to slight dif- 
ferences in environmental conditions 
during incubation. Two types of poly- 
dactyly are now known in the chicken, 
and both of these are considerably varia- 
ble also. Sturkie® has studied the effect 
of temporary chilling of young polydac- 
tyl embryos; this treatment appears to 
inhibit the development of extra toes in 
many cases. Perhaps variation in incu- 
bation temperature or other conditions 
has influenced the course of growth in 
the pigeons also; but it is interestins 
that no correlation of the grouping with 
season of the year could be found. 

The two types of polydactyly in the 
chicken are not recessive as in the pig- 
eon, but dominant to normal, and ap- 
parently allelic to one another. Further, 
their effects seem limited to the feet and 
wings, and viability is normal except in 
extreme variants.® The more common 
type of polydactyly in the chicken shows 
no extra thumbs on the adult wings, 
though the embryos are said to have 
them temporarily. It is curious that 
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polydactyly in the pigeon, while super- 
ficially similar to that in the chicken, 
should be so fundamentally different. It 
is possible that the cases reported from 
Australia! are a dominant type as in the 
fowl, as well as not being sub-lethal. 

Our first impression of the pigeon 
polydactyls was that they suggested 
some grotesque prehistoric creature 
come to life. Probably they have little 
evolutionary significance, but they are 
of interest to the student of teratology. 
Dr. Walter Landauer has suggested 
(pers. com., 1940) that the condition 
may be analogous to the Laurence- 
Moon-Biedl syndrome found in certain 
human families. This syndrome is char- 
acterized not only by polydactyly and 
syndactyly but also by such features as 
obesity, hypogenitalism, and mental re- 
tardation. 

Summary 


A variable syndrome including poly- 
dactyly of feet and wings, shortened legs, 
undershot beak, short nestling down, and 
defective plumage was found in a family 
of Silver King pigeons. Of 25 speci- 
mens, none survived to maturity. Breed- 
ing data show that a simple recessive 
pleiotropic factor is responsible, which 
is symbolized py. A somewhat similar 
condition was also found in an unrelated 
family, and appears to be similar in in- 
heritance but not allelic with the previ- 
ous type. 
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Population Growth in India 


Preliminary returns of the Census of India 
of March 1, 1941, indicate a population of 
388.8 millions, an increase of 50.7 millions 
since 1931. This increase of fifteen per cent 
is the largest in Indian census history, both 
relatively and absolutely. India now has a 


population which is not much smaller than 
that of all Europe outside of Russia. In the 
past decade its population increase alone 
amounted to more than the total population of 
the British Isles. The trend of growth of the 
Indian population has been almost cyclical. 
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The decade 1881 to 1891 was one of relative 
prosperity and yielded a recorded increase of 
10.9 per cent. Because of the great famines 
in 1889 and 1900 the increase in the decades 
1891 to 1901 was only 1.5 per cent. The decade 
of 1901 to 1911 was one of general recovery 
and brought a population increase of 6.5 per 
cent. Then followed, in 1911 to 1921, a negli- 
gible increase of 1.2 per cent owing to the 
death of at least thirteen million people from 
the influenza pandemic and to the generally 
higher mortality of the War and immediate 
post-War period. In the years 1921 to 1931 
the rate of increase again went up, this time 
to 10.6 per cent. If the previous pattern of 
alternately large and small increases had con- 
tinued, the decade 1931 to 1941 would have 
been one of small increase incident to famine, 
plague, or other catastrophes. However, in 
spite of the world depression, growth was more 
rapid than ever before, amounting to 15.2 per 
cent in the British Provinces and 14.3 in the 
Native States and Agencies. 

The largest rates of increase occurred at the 


extreme points of the country, just as they 
have tended to do in the past. In the north, 
the Northwest Frontier Province, the Punjab, 
and the Punjab States Agency all increased 
by more than twenty per cent. Travancore, in 
the extreme South, grew by nineteen per cent, 
while in the extreme northwest, Bengal and 
Assam grew by twenty and eighteen per cent, 
respectively. Increases above the average ap- 
peared generally in the western section from 
Rajputana and Sind southward through the 
Bombay Presidency. Population decreases ap- 
peared only in the Baluchistan States. Delhi, 
Indian capital and a Chief Commissioner’s 
province, increased by 44.1 per cent. The rate 
of increase in cities of over 100,000 was re- 
ported to be much higher than for all India, 
and the number of such cities increased ap- 
preciably. Individual rates of increase ranged 
from slightly less than eleven per cent to al- 
most 100 per cent for the City of Cawnpore. 
No detailed statistics on urban growth were 
included in the census release. . . . Population 
Index, July, 1942. 
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Horrible Example 


HIS book details how Arizona and 

Montana gold and copper compli- 
cate the problem of heredity and en- 
vironment in human development.* The 
chap who discovered these metals was the 
late “Copper King Senator,” Clark of 
Montana. What fantastic quantities of 
copper did to the Senator, to his chil- 
dren and to the politics of the State 
whose natural resources furnished the 
Clark “pile,” is harrowing and not alto- 
gether edifying reading. The ramifica- 
tions of the Clark millions were fantastic, 
and they seem to have turned to ashes 
most of the people and institutions they 
happened to touch. If Mr. Mangum’s 
picture of W. A. Clark, Jr., is accurate, 
even Phi Beta Kappa did not escape the 
Midas blight. Depending on how one 
looks at it, the book could furnish horri- 
ble examples both for the hereditarian 
and the environmentalist. It is too bad 
that Senator Clark was not identical 
twins, one of whom went West to seek 
his fortune, while the other continued to 
“plow straight and deep furrows” in 
Pennsylvania. Like so many of the 


“examples” of social plusses and mi- 
nuses, this one doubtless proves lots of 
things up to the hilt, but in the light 
of present ignorance as to human onto- 
geny, it would be hard to tell what. Mr. 
Mangum documents the fact that the 
Clarks would hardly have been worse 
off if the Bannacks had put the head of 
the some-day Senator on a pole on page 
19, instead of the head of one of their 
Blackfoot neighbors. And one gets the 
impression that Clark would have cold- 
bloodedly considered even that “an in- 
teresting exhibition.” 

Surely one thing that it does prove is 
that a society wherein all of the “social 
advantages” of limitless wealth manage 
to furnish about as nightmarish an en- 
vironment as the mind of man can con- 
ceive of, is not a society which has yet 
come to an effective adulthood. Per- 
haps, standing on the brink of leading 
the world to the New Jerusalem after 
World War II, this is a thought which 
might be sobering to some of our more 
enthusiastic global planners.—R. C. 


*Mangum, Wm D. The Clarks, An American Phenomenon. With an introduction by Ed- 
ward Alsworth Ross. Pp. ix-257. Illustrated. $2.50. Silver Bow Press, 289 Fourth Avenue, 


New York. 1941. 


THE EFFICIENCY OF THREE METHODS 
OF SELECTION* 


L. N. Hazer* and Jay L. 
Iowa State College 


HE practical value of a plant or 
animal is almost always affected by 
several traits. Hence deciding 
which are the most valuable individuals 
to select for parents of the next gener- 
ation forces the breeder to consider sev- 
eral different characteristics. These are 
not likely all to be equally important or 
all to be independent of each other. 
There are many ways of selecting for 
several different things but these will not 
often be equally efficient. The most 
efficient method is that which results in 
the maximum genetic improvement per 
unit of time and effort expended. 

In planning some of their experimental 
work, the authors had occasion to com- 
pare the theoretical consequences of three 
fairly simple ways of selecting for net 
merit, considered as a compound of sev- 
eral different characteristics. While the 
results are not completely generalized, 
they are striking enough and seem to be 
of enough general validity to deserve 
presenting to plant and animal breeders. 

The three methods are designated as 
the “tandem” method, the “total score” 
method and the method of “independent 
culling levels.” The “tandem method” is 
to select for one trait at a time until 
that is improved ; then for a second trait ; 
later for a third, etc.; until finally each 
has been improved to the desired level. 
The “total score method” is to select for 
all the traits simultaneously by using 
some index of net merit constructed by 
adding into one figure the credits and 
penalties given each animal according to 
the degree of its superiority or inferiority 
in each trait. In the method of “inde- 
pendent culling levels” a certain level 
of merit is established for each trait, and 
all individuals below that level are dis- 


carded, regardless of the superiority or 
inferiority of their other traits. 

In order to select most efficiently, the 
following things need to be known for 
each trait which influences practical 
value: (1) The amount by which each 
unit of variation in it actually raises or 
lowers an individual’s practical value 
(relative economic value of the trait) ; 
(2) the extent to which observed varia- 
tions in it represent differences in genetic 
constitution (its heritability) ; and (3) 
the genetic and environmental correla- 
tions of each trait with the others. The 
method of total score is most efficient, 
while the tandem method is the least 
efficient of the three. The reasons for 
that and the extent of it will appear in 
what follows. 


Relative Economic Value 


Finding the relative economic value 
of each trait is the first step in framing 
the ideal toward which the breeder is 
to strive. This will need to be done 
separately for each kind of animal or 
product and may well vary from region 
to region, or even from farm to farm 
in the same region, and from one time 
to another whenever there are relatively 
permanent shifts in market demands. 
An example is the finding by Winters? 
that one pound of wool is worth 3.4 
pounds of lamb. In the present article, 
a with appropriate subscripts will indi- 
cate the relative economic values for the 
different traits. Thus in Winters’ ex- 
ample if wool is the first characteristic 
and lamb is the second, then a;/az equals 
3.4 if both are expressed in pounds. 

The efficiency of different methods of 
selection can be compared by multiplying 
the improvement expected in each indi- 
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vidual trait by its relative economic 
value. Thus, the aggregate genetic gain 
expected from selection by a given meth- 
od is 

H = aiGi + +. + (1), 


where the G’s each represent the amount 
of genetic improvement expected in that 
trait. 


Heritability 


The observed trait (X) is the result 
of the combined effects of a number 
(usually large) of genes and of innumer- 
able environmental factors. Let G for 
each individual be the sum of the average 
effects of all its genes which influence 
the expression of that trait. G is thus 
the genetic or breeding value of that in- 
dividual in that population. Then, 


X=G+E (2), 


where E represents the combined effects 
of all factors which make G and X un- 
like; that is, differences due to domin- 
ance, to epistasis and to environment. 
For convenience, G, X and E are all 
expressed as deviations from the popu- 
lation mean. Then from (2), the 
observed variance (o?X) in the popula- 
tion is 

(3), 
if G and £ are uncorrelated, as would be 
the case unless there is some consistent 
tendency for better-than-average geno- 
types to be exposed to better or worse- 


than-average environment. From (3) 
we have 
2 
g? = od (4), 


where g? represents the heritability or the 
fraction of the variance in a given trait 
which is due to the additive effects of 
genes. Lush! discussed methods of esti- 
mating heritability in farm livestock. 
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Selection for one Trait at a Time 


The amount of selection actually 
practiced is more difficult to measure 
in herds of domestic animals than in 
most crop plants because generations 
overlap, culling is practiced at many 
ages, etc. To facilitate calculating the 
intensity of selection, the following sim- 
plifications were introduced: (1) Selec- 
tion is practiced at only one stage of 
the life cycle; (2) the generations do 
not overlap; (3) all individuals below 
a minimum level of desirability are 
culled without exception; and (4) se- 
lected individuals have equal opportu- 
nity to leave offspring. Selection un- 
der these simplified conditions is illus- 
trated for a normally distributed popu- 
lation in Figure 11. 

The genetic gain in the selected 
group (the genetic average of the se- 
lected group minus that of the un- 
selected group, or the phenotypic aver- 
age of the offspring minus the phen- 
otypic average of the generation in 
which their parents were born) is ex- 
pected to be 


(5), 


where z is the height of the ordinate of 
the normal curve at the lowest value of X 
retained.* The proportion which must be 
saved (p) depends on the reproductive 
rate and longevity of the species under 
consideration and upon whether the 
population is expanding, stationary or 
declining in numbers. The ordinate (2) 
of the normal curve is determined by the 
intensity of selection (p). Values of z 
for corresponding values of p are given 
in many statistical reference books. The 
amount of progress is expected to be 
larger as p becomes smaller; that is, as 
selection becomes more intense. The 
relation is not linear, although it is near- 
ly so from p = 1.0 to near p = .3. When 
p becomes less than .3, the amount of 
progress expected per unit of further 
decrease in fp increases at an ever-in- 


*Some additional gain is to be expected if epistatic effects exist, but that is temporary and 


is not considered further here. 


Such gains tend to disappear in succeeding generations as the 


special gene combinations which produced them segregate into others. 
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-- PHENOTYPIC VALUES ++ 


SINGLE-TRAIT SELECTION 
Figure 11 ; 


A normal distribution of phenotypes showing how a population could be separated sharply 
at a given point into a selected fraction (p) and a remainder which are culled. 


creasing rate. The term g? appears in 
equation 5 because it is a measure of the 
accuracy with which animals having the 
highest genetic values can be chosen by 
selecting directly for phenotypes, i.e., of 
the regression of genetic values on phen- 
otypic values. 

In the method of tandem selection, 
differences in the a values would lead to 
the most important traits being selected 
for perhaps three or four generations, 
while the less important ones would be 
the object of selection for only one or 
two generations in each cycle of improve- 
ment. In the extremely simple case in 
which n characteristics were independ- 
ent and equally important, the average 
improvement per generation in each 
would be only one nth of the improve- 
ment which would be made if it were 
the sole object of improvement over the 
entire period. 


Selection for a Total Score 


The total score method will permit 
extra merit in one characteristic to offset 
slight defects in another. By its use indi- 
viduals with very high merit in one char- 
acteristic are saved for breeding even 
when they are a bit inferior in other 
characteristics. This does not happen 
when the method of independent culling 
levels is used. An example of such a 
score or selection index is that currently 
being used in the swine breeding experi- 
ments at the Iowa Agricultural Experi 
ment Station for selecting young boars 


and gilts. An index (J) is calculated 
for each pig, based on its own weight at 
180 days (W), its score for market de- 
sirability at 225 pounds live weight (S) 
and productivity of its dam (P) as fol- 
lows: 

I = .5W — .06S + P. 


Each pig is given additional credit or 
penalty for the average weight and score 
of the litter in which it was born 
(weighted according to the reliability of 
the litter average) after litter records 
are complete. 

The greatest practical obstacle to the 
total score method is the difficulty of 
knowing how much importance should 
be given each trait in making up the 
score. The gain in each trait depends 
partly upon the heritability of variations 
in that trait (equation 5) and the aggre- 
gate gain is the sum of the products of 
the gains in individual traits and their 
relative economic values (equation 1). 
Evidently, both the heritability and rela- 
tive economic value of a trait should in- 
fluence its weight in making up the total 
score, since both contribute to the aggre- 
gate gain. Only one combination of 
weights allows maximum aggregate gain 
for a particular set of traits, just as only 
one combination of regression coefficients 
allows maximum accuracy in predicting 
a dependent from a set of independent 
variables. 

If the traits are uncorrelated geneti- 
cally or environmentally, the correct 
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weight for each trait in making up the 
score is in proportion to the product 
of its economic value and _ heritability 
(ag?). When each of » uncorrelated 
traits is weighted thus, the aggregate 
genetic gain is a maximum for any cull- 
ing level. The aggregate gain expected 
from selection directly for total score is 
Zz 2 
In practice, however, some of the traits 
are likely to be correlated, either because 
some genes affect two or more traits 
(pleiotropy) or because the same en- 
vironmental circumstances affect their 
developmental processes. Making the 
weights proportional to ag? for each trait 
is perhaps as good an approximation as 
can be made until the genetic and en- 
vironmental correlations are known. But 
these correlations, if high, may alter the 
correct weights in an unpredictable man- 
ner, just as the regression coefficients in 
a multiple regression equation (of which 
general situation this is a particular case) 
may be changed considerably by the cor- 
relation between independent variables. 


Independent Culling Levels 


When independent culling levels are 
established for several traits, culling 
heavily for one trait limits the amount 
of culling which can be practiced for 
others. A culling level set too high for 
a trait which is low in heritability or of 
small economic importance automatically 
lowers the intensity of selection which 
can be practiced for other traits. Only 
one combination of culling levels, deter- 
mined by the heritability and economic 
importance of the traits and by /p, the 
total fraction retained, permits the aggre- 
gate genetic gain to be a maximum. For 
n uncorrelated traits the genetic gain ex- 
pected from selecting independently for 
each trait is 


y= ‘> 2 Zn 
where the q’s refer to the fractions saved 


for each different trait. In this case, 
qiqz...-Qn =P 


The product of the relative economic 
value (a), heritability (g?) and standard 
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deviation is a measure of the importance 
of a trait in the selection program. These 
values must be known in order to find 
the culling levels for the various traits 
which make H a maximum. The pro- 
cedure of finding the best culling levels 
for several traits which differ in impor- 
tance is rather tedious. Different values 
of q (with corresponding 2), subject to 
the restriction that qiq2... dn = Pp, are 
substituted into equation 7 until that 
combination is found which makes H a 
maximum. 

Table I shows the values of gi and qe 
which make H a maximum for certain 
selected values of p and where the im- 
portance of two traits varies. When the 
traits are equally important (line 1), the 
same culling level (qi=qe=\/p) for 
each trait is most efficient for every value 
of p. When one trait is twice as impor- 
tant as the second (line 2), the percent- 
age culled for each trait should be 19 and 
1, respectively, if 20 per cent of the total 
can be culled (p = .8) ; but 76 and 18, 
respectively, if 80 per cent of the total 
can be culled (p = .2). The relative 
amount of culling which should be done 
for the least important character in- 
creases as p decreases. However, the 
two lower lines indicate that even a 
slight amount of culling for the trait of 
lesser importance may be too much if the 
traits differ widely in importance. These 
figures show vividly the danger of doing 
real harm to a breeding program by al- 
lowing minor points any appreciable 
weight in selection. This is the real 
basis for the quarrel between “fancy 
points” and utility breeding. 


Comparison of the Three Methods 


The efficiency of the three methods can 
be compared directly for the special case 
in which the n traits are independent and 
the products of the relative economic 
value, heritability and standard devia- 
tion for each trait are equal. Otherwise 
the formulae remain complex. Under 
these simplified conditions, the expected 
genetic gain due to one generation of 
selection for one trait alone may be writ- 
ten (from equation 5) 
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_ 2Z 
| 
That due to selection for a total score 
based on 7 traits is (from equation 6) 


= — 22 
nag 57° 


For the method of culling levels the ex- 
pected genetic gain is (from equation 7) 


2Z3 
H, = nag 


where <3 is fixed by g, the common cull- 
ing level for all traits, and q = 1 \/p. 
The ratio of Hz to H, is \/n, indicat- 
ing that the total score is \/n times as 
efficient as the single trait or tandem 
method, regardless of the intensity of 
selection. A geometric analogy may make 
clearer the reasons for this superiority. 
In a square the distance from one corner 
to the opposite one along the sides, is 
\/2 times the diagonal connecting the 
two corners, and in a cube the distance 
along the three sides is \/3 times the di- 
agonal connecting opposite corners. That 
the same principles extend to cases in 
which more than three characteristics are 
considered can be visualized by consider- 
ing each side of the square or cube as 
being itself a compound score for two or 
more characteristics. The progress (dis- 
tance) in any one trait (direction) is 


only —— times as great by the total 


n 
score method as if selection were applied 
for that trait alone. This latter fact is 
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probably the basis for the popular belief 
that selection is most effective when 
applied to only one trait at a time. 

When the traits differ in their impor- 
tance but are still independent, the geom- 
etric analogy can be extended to rectan- 
gles and rectangular prisms with the 
lengths of the sides proportional to the 
importance of the traits. The total score 
method is more than \/n times as effi- 
cient in those generations when the tan- 
dem method is being applied to traits 
of minor importance and is less than \/n 
times as efficient in those generations 
when the tandem method is being applied 
to traits of more than average impor- 
tance. 

The method of independent culling lev- 
els is always intermediate in efficiency be- 
tween the other two if each is compared 
at the maximum efficiency possible for 
that method. Figure 12 shows the effect 
of different values of p upon the relative 
efficiency of the three methods for two, 
five and ten equally important, uncorre- 
lated traits. Progress by all three meth- 
ods is larger with lower values of p but 
this increase is more rapid under the 
method of independent culling levels than 
in the other two; hence the downward 
trend of the lines indicating relative effi- 
ciency of the others. The relative effi- 
ciency of the independent culling levels 
method is closer to that of the tandem 
method when the selection is very mild, 
but comes closer to that of the total score 
method when the selection is very in- 
tense. It is a little greater than indi- 


TABLE I.—The proportions which should be saved in order to make maximum genetic progress when 
independent culling levels are used for each of two traits 


TorTaL FRACTION RETAINED 


aig’io1 
8 35 2 

1 89 .89 71 45 45 
2 81 .99 53 .94 .24 .82 
4 .80 1.00 51 .99 sak 98 
8 .80 1.00 50 1.00 20 1.00 
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TOTAL SCORE METHOD 


RATIO TO PROGRESS WITH 
NDEPENDENT CULLING LEVELS 


TANDEM METHOD 


> 2 18 


METHODS COMPARED 
Figure 12 
Efficiency of total score method and of tan- 
dem method, relative to the method of inde- 
pendent culling levels, where all » of the char- 
acteristics are uncorrelated and equally im- 
portant. 


cated in Figure 12 if the traits differ in 
importance. 

The method of independent culling lev- 
els has one practical advantage over the 
total score method in that animals may 
be culled for each trait whenever that 
trait becomes evident, without waiting 
until all the traits can be measured. 


Discussion 


In all three methods there is always 
the danger that selection will fall below 
its maximum efficiency because too much 
attention is paid to some characteristics 
and too little to others. In the tandem 
method that would take the form of se- 
lecting first or in too many generations 
for unimportant things while postponing 
or selecting too briefly for more impor- 
tant things. In the total score method 
that would take the form of using too 
high values of a for some characteristics 
and too low values for others, or making 
mistakes in estimating g? so that some 
characteristics would be thought more 
highly heritable and others less highly 
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heritable than they actually are; or of 
failing to consider properly the effects of 
genetic and environmental correlations 
between traits. In the method of inde- 
pendent culling levels, the culling level 
might be set too high for one charac- 
teristic, too low for another. The figures 
in the bottom lines of Table I will show 
how real this danger is. It cannot be 
emphasized too strongly that increasing 
the intensity of culling for one character- 
istic automatically lowers the intensity of 
selection possible for other characteris- 
tics, if management and _ reproductive 
rates remain the same. It is not appar- 
ent that one method is more subject to 
error from this source than the others 
are; we have not investigated this in 
detail. 
The values of — given in statistical 

tables are for normal curves, whereas 
biological material is often skewed a 
little. Skewness is not likely to be im- 
portant for a characteristic as compli- 
cated as net merit. When the popula- 
tion is skewed with the long tail of 
the distribution toward low merit, 
progress is faster with mild selection and 
less rapid with very intense selection 
than in a truly normal curve. If the 
long tail of the distribution is toward 
high merit, the reverse is true—progress 
is a little less with light selection but 
a little more with intense selection. The 
type and extent of skewness found in 
actual populations seems unlikely to af- 
fect seriously the relative efficiency of 
the three methods. 

Selection as actually practiced is usual- 
ly a combination of the second and third 
methods except that neither the culling 
levels nor the score are very definite. 
Some animals very poor in one or two 
traits are culled while still young and 
before their other traits have developed. 
Some selecting may be done on pedigree, 
contemporary relatives or progeny. 
(These may be considered as additional 
traits in the preceding discussion and 
formulae.) Finally, the selection process 
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may be conditioned largely by animal 
health (which affects p) and by the 
breeder’s ability to measure or observe 
individual merit for the important traits 
and to weigh the different traits accord- 
ing to their relative importance. The 
breeder’s carelessness or inability to ob- 
serve correctly would cause those se- 
lected and those culled to overlap some- 
what in X, instead of being as distinct 
as indicated in Figure 11. That would 
bring the mean of the culled and selected 
groups closer together so that progress 
would decrease, apparently as much 
(relatively) with one method as with 
another. 

The rate of genetic progress may be 
increased when heritability is low by 
adopting some criterion of selection oth- 
er than the individual’s phenotype, or by 
mating systems other than that of ran- 
dom mating of animals selected upon the 
basis of their phenotypes.? These supple- 
mentary methods serve to increase the 
correlation between the genotype and 
the criterion of selection, so that fewer 
errors are made due to the deceiving 
effects of dominance, epistasis or en- 
vironmental factors. This leaves the 
relative efficiency of the three methods 
unchanged. 
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Conclusions 


Selection for a total score or index of 
net desirability is much more efficient 
than selection for one trait at a time. 
A total score based on m equally impor- 
tant, uncorrelated traits is \/n times as 
efficient as tandem selection for the same 
traits, one ata time. The progress made 
in any one trait by the total score meth- 

1 


od is only times as much as if selec- 


n 


tion were directed at that trait alone. 
Selection for several traits by using 
independent culling levels for each is 
more efficient than tandem selection for 
each trait one at a time, the relative effi- 
ciency increasing with the number of 
traits and intensity of culling. Selection 
on independent culling levels is less effi- 
cient than selection on total score but in 
some cases permits earlier selection with- 
out waiting until all traits are mature. 
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“FACTS OF LIFE” FOR SOCIOLOGISTS 
Another Chapter in the Biological Alice-in-Wonderland 


S the corpus of human knowledge 

grows more complex, its integra- 
tion and interpretation becomes in- 
creasingly difficult. A point is reached 
when only a super-genius can do jus- 
tice to any broadly-based discipline. 
He must not only have a huge subject- 
matter at the tips of his mental fingers, 
but he must also be a master of expo- 
sition, if he is to capture the minds of 
his audience. Super-geniuses are rare 
enough so that recourse may be had to 
such makeshifts as the symposium. At 
its best a symposium contributed to by 


the ace minds of a subject can be ex- 
tremely valuable, as witness such edi- 
torial labors of love and erudition as 
the symposium which summarizes our 
knowledge of the sex-hormones. But 
symposia can do more harm than 
good if the choice of authors is not 
happy, and if the editor does not suc- 
ceed in attaining accuracy, continuity 
and integration. Such difficulties seem 
to cover the’ basic failings of a recent 
ambitious attempt (711 pages) to put 
sociology on a broad and solid basis.* 
Many biologists will echo a loud 


*PENDFLL, ELMER, Editor. 


Society Under Analysis. 21 "een Sociologists. Pp. 


viiit+711. $4.00. The Jaques Cattell Press, Lancaster, Pa. 1942 
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“amen” to the need for this, and to 
the Editor’s preface which gives us 
hope that the job may have been done. 


This book had its inception in the conclu- 
sion that the time has come for a closer rap- 
port between the physical sciences and the so- 
cial sciences. In the fact that geographic and 
geologic phenomena, physical laws and chemi- 
cal uniformities, heredity, and economic proba- 
bilities, as bases for human behavior have been 
neglected in most sociology classes we per- 
ceived an appropriateness in making available 
a text which would maintain a balance of at- 
tention to (1) relationships within the social 
structure and (2) relationships of that struc- 
ture to the non-institutional factors that fur- 
nish the matrix for the structure. . . . The 
editor asked of the authors that treatment be 
restricted to objective analysis. . . 


This surely sounds most hopeful. 
But it is significant that the editor 
makes no claim that his authors are es- 
pecially qualified to write on the sub- 
jects they discuss, only that they “con- 
stitute a cross section of American So- 
ciologists.” 

The reviewer is going to limit his 
discussion to two of the twenty-six 
chapters, as these deal primarily and 
secondarily with the biological and ge- 
netic foundations. Possibly the inac- 
curacies and omissions cited therein are 
made up for by surpassing treatment 
of other fields. But it would still be 
true that the basic biological founda- 
tions of sociology have been “done 
wrong by,” and this could not possibly 
be righted by excellences of other sub- 
ject-matter. 

The first of these chapters is the 
worst. It is written by a Professor of 
Sociology of a Normal College, and is 
titled “Influence of Non-Human Or- 
ganisms on Social Life.” For a book 
put as a college text this chapter con- 
tains some passages that approach an 
all-time low in the bed-time-story Peter 
Rabbit school of “objective analysis.” 
After explaining that we should not be 
ashamed of our humble relatives, the 
chimps and the fishes, because “very 
humble beginnings lead to very great 
ends,” we come upon the arresting sub- 
head and text (Capitals mot reviewers) : 
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MOTHER NATURE 
Nature Hoids the Stakes 


The name mother is quite appropriate 
in that she is the original source of all 
life and being. In addition she is, like a 
true mother, impartial. In any argument 
with physical nature or between human 
nature and non-human factors Mother 
Nature holds the stakes. She can’t lose. 


Not only is Mother Nature impartial, 
but she is also neutral in the gigantic 
struggle that goes on for survival. The 
interplay of the forces of nature creates 
stress and tension causing dislocations 
which can be balanced only through 
struggle and conflict. All life must take 
part in the struggle to survive, to gain a 
foothold, to perpetuate its kind. The viril- 
ity of life has been strikingly demonstrat- 
ed by planting grain after it had lain dor- 
mant in the tombs of the Pharaohs for 
many centuries, and having it germinate 
and grow. 


It is probably never quite fair to 
quote out of context, but space is lim- 
ited, and this is frankly chosen as an 
outstandingly horrible example. Im- 
agine a competent biologist, seriously 
undertaking to summarize the facts 
of life, actually being guilty of do- 
ing a Gillette Burgess, capitalization 
and all! And it surely is the re- 
sponsibility of an editor of a text 
allegedly for use in college classes 
in sociology, to find authors who. 
are at least casually acquainted with 
the field they undertake to discuss. 
One does not even have to be a biolo- 
gist to know that stakes are held only 
in wagers, not in arguments and very 
rarely by Mothers, who are more inter- 
ested in the welfare of their offspring 
than they are in “never losing.” That 
the hoary and oft-exploded myth of 
the viable wheat from Egyptian tombs 
should top these other delightful fairy- 
tales is indeed a pleasant surprise. If 
this be objectivity, surely the time has 
come to go back to Santa Claus. 

There is plenty more. This for in- 
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stance: “The tremendous import of this 
is startling when you consider the pos- 
sibilities among the faster breeders — 
rabbits, pigeons and the like. The com- 
mon oyster lays about sixty million 
eggs.” The pigeon lays hers in clutches 
of two; a rabbit has 6-10 young in a 
litter. The author ought to make up 
his mind about what he considers “fast 
breeding.” “An albatross can cover the 
distance between New York and San 
Francisco in twelve hours.” Vuss you 
dere, Charlie? The reviewer is still 
betting on Capt. Hawkes or his succes- 
sors, and he has found none of his orni- 
thologist friends who will bet on any 
bird flying as fast as 200 miles per 
hour even for short distances let alone 
averaging 200 miles per hour from sun- 
rise to sunset. This should be fun for 
the bacteriologists: “The chills) and 
fevers accompanying most germ dis- 
eases are due to the incubating period 
of the particular baby germs.” The re- 
viewer wonders whether albatrosses 
bring baby germs? Do they have pink 
and blue stockings so that their proud 
papas and mamas can peer into the 
pram and tell which takes after which? 
And then we suddenly become aston- 
ishingly cautious: “The pollen of 
certain plants is supposed to cause 
hay fever and other respiratory dis- 
orders in some people that are al- 
lergic to them.” Here’s one chap 
the immunologists aren’t going to 
fool with their newfangled ideas, he 
just does not believe it. And this is 
what the bacteria are up to when they 
aren’t exclaiming over newly-arrived 
junior: “They ripen cheese and vinegar 
and leaven the yeast and curdle the 
milk which makes it digestible.” Fun 
to think how much soda bicarb it would 
take to settle a tummy loaded with 
yeast from a batch which a careless 
radio nostrum vendor had forgotten to 
have leavened. And at last reports ren- 
net, an enzyme, was still curdling milk 
for digestive purposes and for the 
cheese industry too. 

There is a paragraph headed “Eggs 
and Egg Products.” After paying its 
respects to the industrious U. S. hen’s 
two billion dozen eggs a year, it con- 
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cludes: “We also rob and exploit plants 
as well as animals to ‘make us bread.’ 
We squeeze the juices of fruits and 
vegetables and grains and berries to 
make us jellies, jams, wines and beer 

. and we take the juice of the pine 
to make turpentine to adorn our homes 
and furniture and we grow the rubber 
to ease our auto rides on this too, too 
solid earth.” So not only hens lay eggs: 
turpentine trees, and authors do too, 
apparently. And under “flavoring sub- 
stances and other commercial extracts” 
we find strange bedfellows .indeed: 
“vanilla, spices, peppermint, beeswax, 
cod liver oil, honey, pituitary extract, 
testicular extract, pancreatic extract 
and ox-gall.” The spice of life, some of 
‘em. But more than enough. Surely 
nowhere else in a textbook purporting 
to deal with biology, could a more 
strange and varied collection of facts 
and fancies be found. And this is the 
“objective analysis” on which it is pro- 
posed to build the conceptual structure 
of the next generation of sociologists! 

But let us leave Ma Nature chasing 
the albatross of fact and go to chapter 
two of the biological Singularities, 
parden, “Regularities,” which is sub- 
headed “Influence of Man’s_biologi- 
cal heritage in Social Behavior.” 
This is a heavily loaded chapter in 
the sense that it is a résumé of the 
author’s point of view rather than 
a discussion of relevant materials 
covered by the chapter heading. It 
is mostly devoted to a survey of 
cultural anthropology (to which an 
earlier chapter is devoted) and to com- 
parative psychology. There is the shad 
instead of the oyster as an example of 
quick breeding, and considerable dis- 
cussion. There is a thoroughly unsatis- 
factory smattering of genetics, sum- 
marized in seven propositions which 
could not possibly give the student any 
inkling of genetic processes. As an ex- 
ample, the first of these is as follows: 

1. “The general mechanism of hered- 
ity is the same for plants and animals 
including man. Therefore, conclusions 
drawn from experiments on plants and . 
animals seem valid for human hered- 
ity.” 
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Such shotgun obiter always make the 
geneticist’s hair stand straight up on 
end. In general no geneticist is pre- 
pared to transfer conclusions, based on 
experiments on rats, to mice, let alone 
from plants to men. This hazardous 
procedure has already muddied a 
great deal of water. Some parallels 
hold and some emphatically do not, and 
only the qualified specialist is able to 
assay any particular situation. To take 
an example, sex-linkage was first ob- 
served in man over a century ago, and 
the mechanism was explained in labor- 
atory experiments with drosophila 
about 1910. The same phenomenon was 
found in laboratory mammals, and (re- 
versed) in the hen. There is adequate 
ground for postulating that the same 
underlying mechanism is operative in 
all these organisms. 

Under the “Significance of Human 
Genetics” we read: “Man can claim no 
immunity from the general laws of the 
universe, much less from those in the 
narrower field of genetics. Genes show 
an amazing stability, and outside of a 
few minor mutations in plants and some 
lower animals, induced by controlled 
stimulation of heat, chemicals, or elec- 
tricity, gene mutation is exceedingly 
rare.” This gives a wholly false picture 
of the mutation process, which goes on 
continuously in all organisms where con- 
trolled studies have been made. Every 
gene appears to have its own natural 
mutation rate. Haldane’s estimate that 
the hemophilia mutation rate would give 
us 40 new foci each year in the United 
States surely makes mutation a factor 
which cannot be dismissed as non- 
existent. 

Dr. Castle’s review of Stockard’s re- 
port on his dog crosses (J. HERED., 
July, 1942), discussed the dangers of 
just the kind of ad lib reasoning 
which our author implies is the 
stock-in-trade of the geneticist. It is 
important that the student of sociology 
have a general idea of the methods and 
basic concepts of genetics. These he 
could not possibly get from this chap- 
ter. Surely less talk about the inheri- 
tance of social tendencies and “biologi- 
cal vice’ and more about the facts 
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which the editor promised, would have 
been a greater service. 

The discussion of the inheritance of 
mental traits is most disappointing. All 
that is claimed is that since physical 
traits are inherited, mental traits must 
be too. The reader is given not an ink- 
ling that any direct evidence exists 
which bears on this crucial question. 
There is no mention whatever of the 
well demonstrated correlation of about 
.5 between parents and offspring with 
respect to mental traits just as there is 
with physical traits. Studies of identi- 
cal and fraternal twins, especially iden- 
ticals reared apart, and studies of 
foster children are all completely ig- 
nored. Surely these three lines of evi- 
dence all consistently give at least a first 
approximation of the limits of heredity 
and environment in the development of 
human intelligence. But the student is 
told nothing about any of them. It is 
absurd to pretend that the subject has 
been adequately surveyed in the pres- 
ence of such glaring lacunae. 

As a sociological document, setting 
forth at length what a “cross section 
of American sociologists” think about 
mankind and the universe, such a sym- 
posium is important. Perhaps it would 
have been a good idea to analyse the re- 
sponses and write a book discussing 
the longcomings and shortcomings of 
sociological points of view than to pub- 
lish the essays themselves. As far as 
the biological chapters are concerned, 
they do not support the publisher’s 
claim made in an advertising circular. 
that “twenty-one eminent sociologists” 
have produced a book whose “logical 
arrangement and comprehensive treat- 
ment of the subject constitutes an ideal 
text for elementary classes in sociol- 
ogy. It is thoroughly up-to-date, au- 
thoritative and distinct in its orienta- 
tion.” Better than that, its biology is 
unique. It is sad to think that there 
will be at least 21 classes each year in 
which the embryo sociologists of 
America will learn of “logical arrange- 
ments” where rubber trees lay eggs, 
and bacteria go wortling through the 
yeast, a-leavening as they go.—R. C. 


A NEW MAP OF THE SALIVARY GLAND 
2L-CHROMOSOME 
of Drosophila Melanogaster* 


N. BRIDGES 
Department of Zoology, Columbia University, New York, N. Y. 


HE present map is the fifth and 
| last in the series of revisions of the 
salivary gland chromosome maps 
of Drosophila melanogaster. Preceding 
this map of the 2L-Chromosome, were 
revisions of the X (this JourRNAL, 
1938)?, of 2R (1939)*, of 3L (1941)5, 
and of 3R (1941)® All of these maps 
serve as supplements to the original map 
published in 19351, each one retaining 
the divisions and subdivisions substanti- 
ally as in that map, with the few neces- 
sary changes indicated by broken lines. 
The fourth chromosome, the shortest of 
the complement, has not been revised, 
as the original drawing in the 1935 paper 
is correct as it stands. 

Permanent aceto-carmine smears of 
larval salivary glands, prepared by 
Bridges’ vapor replacement method, were 
the material used for the entire series 
of revisions. For the present map, chro- 
mosomes were selected for favorable 
conditions of stretching, and a minimum 
of eight camera lucida drawings for each 
section was made from them at a magni- 
fication of 5,000 diameters. The revi- 
sion consists of a generalized composite 
of these drawings, its dimensions being 
averages of their lengths and widths 
with the individual bands filled in by 

_comparison of all the drawings. The 
final number and character most closely 
compatible to the information given by 
all of them was taken as the standard for 
the maps. Many more bands than those 
indicated in the 1935 maps have been 
included in the revision and the charac- 
terization of the bands has been im- 
proved. 

The present limits of the major di- 
visions, as marked on the 1935 map, have 
been retained in all but two cases, these 


two being shifts in the beginning of sec- 
tions 28 and 39, and the subdivisions 
have been retained in all but ten cases. 
These shifts were made primarily to 
make use of heavier, darker bands, mak- 
ing some of the divisions easier to find, 
and secondarily to even up the lengths of 
the divisions and subdivisions as much 
as possible. Several preparations were 
found in which the chromocenter was 
complete and it was possible to map the 
whole of that region. Section 41 has 
been redrawn from the earlier 2R- 
Chromosome revision’, but its bands 
have not been included in the band 
count. The 2L Chromosome thus ends 
with Division 40, with the spindle-fiber 
attachment located in the subdivision 
40F, probabiy in the last double line, as 
indicated in the top line of the revision. 


The chromocentral heterochromatin 
starts with 40B1-2 and ends with 
41D1-2. 


The new map contains 803 bands, 
counting capsules as two, compared with 
the 584 of the 1935 map, and is 370 mi- 
crons long as against the 205 of the old. 
Choice of larger chromosomes and use 
of sections of greater and more uniform 
stretch account for the differences in 
these dimensions. 

The most constant features of the 
2L-Chromosome are the “dog-collar” in 
21C-D, the “shoe-buckle” of 25A, the 
“shield” in 30A, the “goose-neck” of 
Division 31, the “salpas” of Division 32, 
the dilation in 35A-B, and the heavy 
bands of 34E-F, 36D and 39D, which 
are the regions principally involved in 
the adhesions that usually loop the basal 
portions of this chromosome. 

The linkage map, first line of the fig- | 


*This paper, as well as the preceding revisions of the salivary gland chromosome maps, 
was made possible by a grant from the Carnegie Institution of Washington. 
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ure, gives the latest revision of the gene 
positions, as given in DJS -9° and later 
issues, all RK-1’s and some of the RK- 
2’s being included. Below that is the 
present salivary gland chromosome re- 
vision reproduced at one fourth the size 
of the detailed map. Between the two 
as many correlations as are known of the 
salivary gland chromosome positions of 
the genes are shown. These positions 
are located according to the data given 
in the symbol list of D/S-9, and in the 
symbol list revisions of D/S-12!° making 
use of the information on inversion, 
translocation and deficiency limits and 
inclusions, and from private communica- 
tions of E. B. Lewis for genes located 
near the tip of 2L, and of J. Schultz for 
light and purple, also from the Carnegie 
Report® of V. Curry and C. B. Bridges 
for the genes located near dumpy, and 
from the unpublished material of C. B. 
Bridges for black and others. 

The large detailed salivary gland map 
revision of the 2L-Chromosome of Dro- 
sophila melanogaster follows on the last 
four lines of the figure. 


Size of Salivary Gland Chromosomes 


Now that all the revisions are finished 
it is possible to make comparisons in 
length and number of bands with the 
original map of 1935, and draw some 
conclusions from the comparisons. 

To supplement the data already ob- 
tained, measurements were made of lax 
chromosomes to see whether “normal” 
length chromosomes were related in any 
way to the stretched lengths of the 
original and revised maps. Slides were 
made of larval salivary glands which 
were smeared just enough to break open 
the nuclei, without stretching the chrom- 
osomes. As many complete nuclei as 
possible were selected, and enough par- 
tial nuclei, with at least four of the six 
arms present, were added to bring the 
total number of examples up to approxi- 
mately fifty for each chromosome. Cam- 
era lucida drawings were made of these 
nuclei, and the lengths of the chromo- 
somes were measured. 

Table I gives the average and range 
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of chromosome lengths for the nuclei of 
five different wild type female larvae, the 
average and range of the whole group, 
and the average of the means of the indi- 
vidual larvae. The data indicate that 
there is no significant difference among 
individual larvae grown under similar 
conditions to the same age, though the 
larvae are from five different strains. 
There are no great differences among the 
four medium length chromosomes which 
are all about the same length in the lax 
nuclei, differing very little from nucleus 
to nucleus. Chromosome 4 is the very 
short one, and 3R is the longest of the 
six, markedly so in all the nuclei. 

Figure 14 shows histograms of the 
length distributions, which are quite 
compact, and fairly normal, curves. The 
spread in general is due to differences 
in absolute chromosome size, as all the 
chromosomes of one nucleus vary in the 
same direction. This is only generally 
and not strictly true, as often one or two 
chromosomes may be markedly out of 
the average order of length in the differ- 
ent nuclei, which is shown by the skew- 
ness of all the distributions except that 
of the X-Chromosome. This can be at- 
tributed to the fact that as far as possible 
complete nuclei were chosen which 
means that some of the chromosomes 
measured were ones which were dispro- 
portionately stretched compared to oth- 
ers in the same nucleus, and hence show 
up in the distributions by tailing off to 
the left. 

The X-Chromosome is the most uni- 
form and compact, which I think can be 
attributed to the fact that there are more 
heavy double bands in this chromosome, 
as Table II shows. This prevents it 
from being stretched as much as the 
others. While the bands are in general 
inelastic, and most stretching comes in 
the clear areas between them, the bands 
are somewhat stretchable, and the more 
so the lighter they are, so that the differ- 
ence is enough to explain lack of stretch 
(or rather difficulty in stretching) in a 
chromosome full of heavy double bands. 
Table III shows that the X does indeed 
have more bands per unit than the others 
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Length of a sample of approximately fifty 
unstretched chromosomes from five larvae. 
The distributions are consistent enough to give 
high validity to conclusions based on averages. 


do, which may be due to not having been 
stretched as much. 

The distributions of chromosome 
length are similar enough, and normal 
enough, so that their average lengths are 
valid bases for conclusions which will be 
consistent for all chromosomes. 

Table II compares lax length with 
chromosome length in the original map 
and in the revisions. The amount of 
stretch in the latter two over the lax 
length is proportionately very uniform, 
all the chromosomes remaining in ap- 
proximately the same order, and increas- 
ing about the same percentage. The lax 
length chromosomes are about a hundred 
times as long as gonial chromosomes, 
with the 1935 map chromosomes half 
again as long. The revisions are about 
twice as long as the 1935 map, three 
times lax length, and three hundred 
times gonial length. The second part of 
this table gives the number of bands 
in the 1935 map, and in the revisions, 
with a column of band counts in which 


the doubles are counted as one, The in- 
crease in number of bands from the 1935 
map to the revisions averages about 1.6 
times, while the increase in length is 2 
times. The increase in number of bands 
is not uniform from chromosome to 
chromosome, nor do any of them double 
the number of bands. These facts indi- 
cate that the revisions are stretched 
enough to resolve practically all the 
bands and that further stretching will 
not reveal more. That is, the maximum 
number of bands has now been reached 
in the revisions and the stretching has 
gone beyond the point where it is possi- 
ble for more bands to be resolved and 
doubles separated. 


Relation of the Genes to the Bands 


The doubles-counted-as-one count was 
made in an attempt to see whether there 
is any relationship between length of 
chromosome and gene number, it being 
thought that doubles indicate one locus, 
and hence such a band count would give 
the number of loci. The result of this 
count is 3,795, which does not deviate 
too greatly from the estimate of 3,000 
genes for the animal, and is closer than 
the 5,072 total band count. However, 
the latter is not so much greater that 
any conclusions can be drawn as to 
whether double bands equal single loci. 
Table III gives a comparison of band 
densities, which shows that in general 
the X-Chromosome has more bands per 
unit length than the others (except the 
revised 2R-Chromosome), and that the 
densities for each chromosome remain 
fairly uniform, whether lax length, re- 
vised length or even 1935 length be used, 
which would be expected from the fair- 
ly uniform stretch shown in Table II. 
This relationship changes only when the 
doubles-counted-as-one comparison is 
used, the other chromosomes increasing 
their band density as compared to the 
X-Chromosome, which means that the 
X has more double bands than the others, 
as was noted above in the discussion on 
stretching. 

In general the X-Chromosome has 
been found to contain more genes than 
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the other chromosomes (although this is 
possibly only an apparent difference, as 
sex-linked genes are easier to pick up). 
It would seem that the comparison of 
total band count to length, rather than 
the comparison of doubles-equal-to-one 
count to length, would give a better in- 
dication of the relative frequencies of 
the genes. If this is so, the total band 
count would be a closer approximation 
to the number of genes, and each band 
represents a band locus and doubles must 
then be two loci. However, this con- 
clusion needs supporting evidence. 

The doubles-counted-as-one count 
shows that each chromosome differs in 
the number of doubles, and that the 
number of doubles is not proportional to 
the chromosome length. These facts in- 
dicate that doubles are real, character- 
istic features of the chromosomes, and 
not separation products of stretch, as is 
assumed in the theory that all bands are 
double and are resolved by excess 
stretching. The fact that excess stretch- 
ing does not bring to light any more 
doubles than those already found under 
moderate stretch supports the idea that 
they are characteristic features. Chromo- 
some breaks have not been found be- 
tween the halves of doubles, nor has 
more than one gene been located in any 
double. This supports the supposition 
that doubles, which are real features, as 
discussed above, are duplicated loci,— 
that is, simple band repeats. If this is 
the case, then each double contains two 
similar loci. This would explain why 
they can behave like single gene loci and 
yet give a relative band count (although 
not total band count) frequency as 
though they represented two loci each. 

E. B. Lewis’ has obtained some evi- 
dence at the Star locus that doubles are 
duplicated loci. He has found that Star 
and asteroid are both in the double band 
21E1-2. One is in one band and the 
other in the other band, with a very 
small amount of crossing-over between 
them. These two genes act as allelo- 
morphs in opposite chromosomes, but in- 
teract with considerable position-effect 
when in the same chromosome. If the 


original Star (wild type) locus were du- 
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plicated to form a double band repeat. 
there would then be a doublet contain- 
ing two similar loci, as postulated above, 
which would apparently act as a single 
locus as far as locating genes in the 
band is concerned. Subsequent muta- 
tion of one half of the double to Star, 
and the other half to asteroid at some 
other time, would bring about the situa- 
tion Lewis found. That it is possible to 
break the chromosome between the 
halves of a double is shown by his small 
recombination percent, although the 
possibility must be extremely rare, as 
no other cases are known. 

C. B. Bridges® found that two regions 
of the 2R-Chromosome containing the 
same number of bands, and of the same 
genetic map length, differed by a factor 
of five in the number of genes contained 
in that distance, and postulated that the 
lower coefficient of mutation was in the 
region containing the most repeats (and 
hence containing masking gene dupli- 
cations) some of which were observed. 
It can be postulated that many of these 
repeats are in the form of double bands, 
and hence that regions rich in double 
bands should show a low coefficient of 
mutation. This is indeed true in all but 
the X-Chromosome, with the greatest 
number of double bands and yet many 
genes. This would seem to contradict 
such an assumption unless it can be 
shown that the X represents a more ad- 
vanced state of chromosome evolution in 
which more of its duplicated loci have 
mutated to genes different from the par- 
ent genes. The X seems to have fewer 
long repeats than the other chromosomes, 
which might be enough to give it more 
different loci in spite of having more 
double bands. 


Repeats 


The presence and importance of re- 
peats in the evolutionary history of the 
chromosomes of Drosophila have been 
thoroughly discussed by C. B. Bridges 
in two papers } 8, and by other authors. 
Repeats of all lengths, from doublets to 
whole sections, both direct and sym- 
metrically reversed in tandem, inserted 
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in the same and other chromosomes, 
have been observed in the whole chromo- 
some complement of Drosophila melano- 
gaster. The evidence for their presence 
comprises general appearance, the fold- 
ing back into synapsis of reversed re- 
peats, and the synapsis of bands from 
one chromosome with those of other sec- 
tions of the same or different chromo- 
somes. 

In general, these repeats can be di- 
vided into two classes, “real” and “ap- 
parent,”—real when euchromatin is in- 
volved and apparent when heterochro- 
matin is involved. These two classes 
can be distinguished in that euchromatic 
repeats can be of any length, and can 
contain bands of all intensities, and 
usuaily exhibit only weak and occasional 
synapsis. The apparent repeats always 
involve very heavy black bands, limited 
in number, and exhibit strong and con- 
stant synapsis. This latter type is ac- 
tually only the general manifestation of 
the non-specific attraction of bits of 
heterochromatin for each other, and oc- 
curs wherever heterochromatin has been 
inserted into the euchromatic arms of 
the chromosome. Wherever such synap- 
sis occurs, the dark bands involve synap- 
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each other, the heterochromatic inserts 
being only roughly homologous. Often 
these regions are found in synapsis with 
the chromocenter, forming a regular 
heterochromatic bridge from it to one 
or more inserts. The partners of this 
synapsis may change from nucleus to 
nucleus, and involve different members, 
whereas euchromatic repeats are always 
constant in the partner with which they 
synapse, and can be matched band for 
band. 

Most of these heterochromatic repeats 
are in the 2L-Chromosome, and in the 
basal portion of that, although one or 
two examples of such inserts are found 
in other chromosomes. The regions of 
2L generally involved are the heavy 
bands of 34E-F, bands in Sections 35 
and 36, and in 39. Attraction between 
them and the chromocenter causes turn- 
backs and loops, and the general coiling 
and twisting of the whole basal portion 
of the chromosome. 

This problem of repeats will be dis- 
cussed further in a later paper. 
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Six Generations to A Century 
(See illustration, page 370) 


HE photographs on page 370 records 
a notable instance of human repro- 
ductivity, in a Hungarian family living 
at Bajosa, Hungary. The mother, Mrs. 
Maria Mlinarics married when she was 
not yet fourteen, and a baby daughter 
was born during the following year. 
This daughter married at fourteen and 
she in turn had a daughter in 1939. 
Maria will be thirty her next birthday, 
so that for two generations the rate of 
reproduction has been a little better 
than six generations to a century. 
Very likely the war will put an end 
to the Mlinarics’ rapid reproduction for 
a time, or even to the Mlinaric family 
permanently. Nevertheless their example 
might be the basis for a few comparisons. 
The contrast in total descendants be- 
tween Maria’s potential and that of a 
family reproducing at the rate of four 
generations per century is impressive. 
If Maria had four children at fifteen 
month intervals, and if her descendants 
repeated her pattern, each having four 
children, too, who survived to reproduce, 
she would have a total of 2,048 descen- 
dants by the 2050’s. If another woman 


had four surviving and reproducing 
children on a four-generation-per-cen- 
tury basis, she would have 256 descen 
dants a century hence. If Maria had 
four children and the slow-reproducing 
family had three or two, the contract 
would be even more startling. On the 
two-child basis there would only be six- 
teen descendants to balance against 
Maria’s two thousand, or over a hun- 
dred to one! 

To consider problems of human repro- 
duction purely as a geometric progres- 
sion does not accord with any actual situ- 
ation, as no family line ever grows or 
declines that way. Maria’s way of life 
may give a much lower survival rate 
than in the slow-reproducing group, and 
only surviving-to-reproduction counts in 
the contest of population growth and 
decline. Only in very exceptional situa- 
tions is the theoretical optimum ever 
attained. On Pitcairn Island a genera- 
tion after the original Bounty mutineers 
arrived, the population seems to have 
doubled in about seventeen years, which 
perhaps represents an al] time recorded 
high for even a small group of human 
beings.—R. Cc. 
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Feeding Laboratory Animals 


A twenty-four page illustrated booklet, 
conveniently arranged to fit a letter size 
file, has been published by the Ralston 
Purina Company for distribution to 
laboratory workers. It contains a con- 
densed résumé of the nutritional needs, 
breeding habits, care and feeding of most 


of the important laboratory animals, 
from hamsters to chickens. The bulletin 
is offered for free distribution to labora- 
tories ; copies may be obtained by writ- 
ing The Purina Mills, St. Louis, Mis- 
souri. 


INHERITED BREECH PRESENTATION 


L. J. CARTLEDGE AND FRANcES Y. HANcocK* 


of infants by the breech at birth 

is, apparently, relatively unusual. 
Hansen! reports 6.7 per cent in 1,882 
cases, most of them from the Lincoln 
General Hospital at Lincoln, Nebraska, 
but says that this percentage is higher 
than the general average which he gives 
as 4.2 per cent. The following points 
were mentioned in the discussion which 
follows Hansen’s paper.t In a series of 
1,294 deliveries at the Indianapolis Uni- 
versity Hospital there were 14 per cent 
breech cases. This series included 31 
still-births, and probably also represents 
considerable influence of selection on the 
basis of complications of various sorts. 
In both series mortality was higher than 
average. R. W. Holmes considers that 
flat or oblique contracted pelvis of the 
mother may be causal. Fred H. Falls 
suggests that breech is more common in 
the arcuate type of bicornate uterus and 
with placenta praevia. 

Whatever the incidence and causes of 
breech presentation may be, we have 
hitherto been unable to find information 
bearing upon its possible inheritance. 
One of the family inheritance charts 
submitted by students in our genetics 
classes seems, however, to afford evi- 
dence upon this point (Figure 15). The 
information presented in this chart was 
obtained from another student, known 
both to the student informer and to the 
present writer. Her position is marked 
as the propositus on the chart (IV-10). 
The symbols on the chart are either 
solid, representing individuals born by 
breech presentation; or clear, for indi- 
viduals known to have been born by 
normal presentation; or marked with a 
question mark, for those individuals for 
whom there is no available record as to 
manner of birth. 

A maternal great-grandmother (I-2) 
of the propositus was said to have been 
born by breech, as were all of her chil- 


Bins presentation, or delivery 


dren (II-2, 3, 5, 7,9 and 11). All five 
of the children of her three daughters 
were likewise breech births. These are 
shown as III-2, 3, 8, 9 and 11 on the 
chart (Figure 15). The four offspring 
of two of her sons (III-13, 14, 15 and 
16) were born normally. There is no 
record on the manner of birth of the 
two offspring (III-5, 6) of the third son 
(II-3). Three of the five individuals of 
the third generation who were born by 
breech were females, and each of these 
three women had either one or two 
known breech presentation deliveries. 
One of them (III-3) had in addition 
one son normally born, and two for 
whom records are not available. The 
second (III-9) is the mother of the 
propositus, and bore both her children 
by breech. There is no record for the 
second child (IV-12) of the third moth- 
er (III-11) in this group. There are 
thus five known breech cases, one nor- 
mal birth, and four unknown in the 
fourth generation through the female 
lines. 

The three sons (II-3, 9 and 11) of 
the great-grandmother (I-2) of the pro- 
positus had two children each. The rec- 
ords for type of births in one of these 
families are not known, but in the other 
two all of the children were normally 
born. The individual at III-2 on the 
chart was himself born by breech, but 
his two daughters (IV-1, 2) were nor- 
mal presentation births. Both the father 
shown as III-6 and his daughter (IV-8) 
are unknown birth types. 

Summarizing these data we find, in 
four generations, one, six, five, and five 
respectively, or a total of 17 cases of 
breech presentation, borne by seven 
mothers (of whom six are shown on the 
chart). The total number of individuals 
shown is 42, and 29 of these are de- 
scended from the first woman (I-2) here 
recorded as being breech-born. Among 
the 29 descendants there were 16 breech- 


*Published with the approval of the Director, West Virginia Agricultural Experiment 


Station, as Scientific Paper No. 283. 
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BREECH-FIRST 


Figure 15 
Most babies come into the world head-first, 
but on the average, one in twenty are born 
breech first. In this family, over half of all 


births for four generations have been by this’ 


unusual position, indicating a simple genetic 
basis for this tendency. 


presented, seven normal, and six un- 
known. Descendants through the female 
line include all of the 16 subsequent 
breech cases, together with one normal 
and three unknown. No cases of breech 
presentation and only three unknowns 
are shown among the nine individuals 
descended through the male lines. 
While this evidence seems to indicate 
that breech-born fathers do not tend 
to produce breech-born children, it does 
not offer an answer to the question 
which naturally comes next to mind; 
whether or not daughters of breech- 
born fathers may be expected to give 
birth to their children by breech presen- 
tation. That some of such daughters 
might show this tendency seems, from 
the following considerations, to be more 
than a mere possibility. In the first 
place, the presentation of infants by 
breech seems to be a simply inherited 
trait. Perhaps it is due to the presence 
of a single dominant gene; at least more 
complicated inheritance seems less likely 
in the family here described. That the 
character is expressed by the mother who 
bears the breech presented infant, rather 
than in the infant who is so born, seems 
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to be reasonably certain, and if so, we 
may suppose that it depends upon some 
structural trait of the mother. A simple 
dominant factor for a structural charac- 
ter would be expected to be transmitted 
equally well through male and female 
lines of descent, although of course this 
particular character could be evidenced 
only in those female individuals who 
bear children. 

It seems likely that this family shows 
an exceptionally high incidence of breech 
presentation, for even among those fami- 
lies in which such cases may sometimes 
occur they seem to be infrequent. Two 
cases in other families have been called 
to our notice, in both of which mothers 
are reported to have given birth to two 
successive children by breech presenta; 
tion. However, breech presentation, 
with its attendant difficulty in parturi- 
tion, and its somewhat higher than nor- 
mal mortality, has in general been con- 
sidered as an individual or accidental 
abnormality. That it may be not en- 
tirely so calls for careful consideration, 
since it would, without doubt, be of ser- 
vice both to the persons immediately 
concerned and to their attending ob- 
stetricians to know in advance the prob- 
ability for this type of birth. The need 
for such information implies the neces- 
sity for careful study of the family his- 
tory in regard to birth types, although 
this practice seems at the present time 
to be almost universally neglected. Rec- 
ords of maternity hospitals and the ex- 
perience of individual physicians may be 
expected to furnish a great deal of in- 
formation that could be utilized in study- 
ing the possible mode of inheritance of 
breech presentation. 
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PROPORTIONATE DWARFISM IN 
JERSEY COWS 


S. W. Mean, P. W. Grecory AND W. M. REGAN 
Division of Animal Husbandry, University of California 


HE literature provides numerous 
examples of monofactorial heredi- 
tary types that cause dwarfing in 
mammals and birds. Most of these mu- 
tants cause a disproportionate type of 
dwarfism and act as lethals or sub- 
lethals. In cattle two well-known ex- 
amples are dominant achondroplasia 
(Bull-dog), known in Dexter cattle and 
studied intensively by Crew,® and the 
recessive achondroplasia found in the 
Telemark breed of Norway by Wriedt?” 
and Mohr.?° 


Perhaps the most intensive study of 
the physiological action and expression 
of teratological genes in vertebrates is 
that of the Creeper and related mutant 
types investigated by Landauer and his 
associates. Landauer’ ® has recently re- 
viewed the mode of action of such genes. 
He concludes that even while causing 
disproportionate dwarfism they effect the 
embryo as a whole. Such genes, though 
discontinuous in their action but tera- 
tological in nature, are not involved in 
the general problem of the inheritance 
of racial size. 


It is well established that racial size is 
controlled by multiple factors. Cas- 
tle’s''3 serious attempt to isolate in- 
dividual genes conditioning racial size in 
rabbits was unsuccessful. On the other 
hand, according to Castle,t some genes 
that condition coat color in mice, rats, 
and rabbits may act to slightly reduce or 
enhance the body size. 

These color genes that influence body 
size are involved in racial size when 
color-gene differences are present. Al- 
though they have not been identified, 
certain other genes that are a part of 
the multiple factor complex conditioning 
racial size evidently play a more impor- 
tant role in differentiating hereditary 
racial size. These are genes for size 
rather than color. Evidence of a single 


segregating “size” gene that may be im- 
portant in conditioning racial size has 
apparently been found in the Jersey herd 
of the California Experiment Station. 

Our breeding work with Jerseys has 
been designed to fix the factors for high 
milk production into a more homozygous 
state. The rather intensive inbreeding 
which has been practiced has brought to 
light several hereditary defects two of 
which have been recorded by the present 
authors.® 11 

Among the progeny of one sire have 
occurred four individuals appreciably 
smaller in stature than their normal sibs 
(Figure 16). Those animals destined to 
be dwarfs as adults tend to be smaller 
at birth, but because their weights lie 
within the normal range they cannot be 
identified by weight, height at withers, or 
heart girth; nor can dwarf animals be 
identified by differences in general ap- 
pearance early in life. 

All animals identified as dwarfs were 
heifers sired by Gravity’s Exile of Luss- 
croft, registration number 162551 (herd 
number 300C). If any dwarf males were 
born none was ever identified, since all 
males except one (347A) were destroyed 
at birth. 

Two of the dwarf females were pro- 
duced by mating 300C to supposedly un- 
related cows. The other two were pro- 
duced by mating 300C to his own daugh- 
ters. One had a coefficient of inbreeding 
? of 25.78; the other of 


Body Measurements 


All of the calves were raised under as 
uniform nutritional and management re- 
gimes as were possible to maintain. Com- 
parisons of growth curves for weight, 
height at withers, and heart girth of nor- 
mal and dwarf animals reveal the differ- 
ences existing between the two types for 
each of these body characteristics (Fig- 
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ADULT DWARF 
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Figure 16 


Dwarf 349 at three years of age; in the ninth month of lactation. 


She appears normal in 
every respect except that she weighs 240 pounds less than her non-dwarf half sisters. 


ure 17). The key on the figure identi- 
fies each group of animals. 

Since the inbred daughters of a num- 
ber of Jersey sires studied by us have 
been found to be smaller than their out- 
crossed sibs (unpublished data), the 
mean growth of the dwarfs produced by 
outcrossing should be compared with 
the mean of their normal outcrossed sibs, 
while the mean of those produced by 
inbreeding should be compared with 
the mean of their normal inbred ‘sibs. 

Birth weight is wholly unreliable to 
diagnose dwarfism since those destined 
to be dwarfs weigh only slightly less 
than the normal mean. At one month of 
age the heights at withers of the dwarf 
animals, either outcrossed or inbred, are 
slightly lower than the mean of their re- 
spective normal controls. The mean 
heart girths of both the inbred and out- 
crossed dwarfs are slightly less at one 
month than their normal half sibs. Not 
until the twelfth to fourteenth months do 
the differences in all size indices become 
more apparent and quite definite. 


After the growth curves plateau, the 
mean weight of the inbred dwarfs is ap- 
proximately 150 pounds less and the 
outcrossed dwarfs over 200 pounds less 
than their normal controls. In height at 
withers both groups of dwarfs average 
10 to 12 centimeters lower than the 
means of their normal controls. The 
mean heart girths of both the inbred and 
outcrossed dwarfs are about 10 centi- 
meters less than their respective normal 
half sibs. No significant differences in 
any of the size characters could be dis- 
tinguished between the means of the in- 
bred and outcrossed dwarfs. While 
there were individual differences among 
the dwarfs of both groups they were not 
significant. 


Reproduction 


Table I summarizes the data relating 
to reproduction of dwarfs. Most of the 
dwarfs were bred to their own sire 
(300C) and this procedure perhaps low- 
ered their reproductive efficiency. 

Outcrossed dwarf 349 was bred to her 
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GROWTH CURVES 


Figure 17 


Mean growth curves of four groups of fe- 
male progeny produced by sire 300C. The 
dwarfs are appreciably smaller in all indices 
of size then their normal half sibs. Inbred 
normals are smaller than outcrossed normals. 
There is no difference in size, however, be- 
tween dwarfs produced by inbreeding or out- 
crossing. 


own sire, 300C, at 18 months of age and 
produced an apparently normal male 
weighing 54 pounds. This calf was de- 
stroyed at birth. She was again bred to 
300C in 1925 and 1926 but each time 
aborted a female calf following a 7% 
months gestation. Agglutination tests 
for Brucellosis were negative up to No- 
vember 11, 1925, when she became posi- 
tive and remained so thereafter. Bru- 
cellosis may or may not have been re- 
sponsible for the abortions. 
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Cow 406 was bred to an unrelated sire, 
320A, and aborted a male calf about five 
months later. She was negative to the 
agglutination test during this time. She 
was then bred to her own sire February 
13, 1927. She became suspicious in her 
reaction to the agglutination test March 
16, 1927; and definitely positive June 
17, 1927. On November 6, however, she 
gave birth to a normal female calf (488) 
which lived. 

Cow 460 had an inbreeding coefficient 
of 25.78. After many fruitless services 
she was placed in a pasture with sire 
347A, an inbred son of 300C, and at 
four years of age produced a normal 
female calf, 519. Cow 460 was kept in 
the herd until June, 1933. Although 
bred often, she failed to reproduce again. 
She was negative to the agglutination 
test at all times. 

Cow 432 had an inbreeding coefficient 
of 38.67. After several unsuccessful mat- 
ings to her sire 300C, she finally pro- 
duced a calf, number 484, that lived 
three days. This calf had an inbreeding 
coefficient of about 45 per cent. Although 
bred several times later, she never again 
became pregnant. She was always nega- 
tive to agglutination tests. There was 
no evidence of Trichomoniasis in the 
herd. 

In general the reproductive potential 
of the dwarf cows was low. Because of 
complications from Brucellosis and in- 
breeding, it is difficult to attribute low 
fecundity to dwarfness per se. Despite 
Brucellosis the non-inbred dwarfs were 
more fertile than the inbred. The latter 
were considerably older at first concep- 
tion even though they were bred as 
early. Longevity of dwarf cows com- 
pares favorably with normal sibs, though 
the numbers do not warrant definite con- 
clusions. 


Lactation Records 


Table II summarizes the lactation rec- 
ords for the dwarf cows. With the ex- 
ception of 406 all the cows were milked 
three times a day for 305 days. Cow 
406 was milked twice a day for 7% 
months, when she was purposely turned 
dry. Standard conversion factors were 
used to convert her production to three- 
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times-a-day milking and a lactation peri- 
od of 305 days. 

Cow 460 made a very poor lactation 
record. The remaining three cows have 
rather high records when body weight 
and age are considered. On the whole 
the dwarfs lactated at a relatively high 
level. 

Is Dwarfism Inherited? 

It should be borne in mind that nu- 
trition and management regimes were 
standardized to a fair degree; dwarfism 
cannot be attributed to variations from 
these sources. There remains the possi- 
bility of attributing it to disease or path- 
ological conditions during early life. The 
daily reports of the dairy herdsman fail, 
however, to show any early pathological 
condition or illness that might ultimate- 
ly lead to dwarfism. If dwarfism were 
caused by some unknown environmental 
factor, not one offspring of any other 
sire was affected. It seems logical, there- 
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fore, to surmise the existence of a genetic 
basis. 

The data presented in a preceding sec- 
tion show that after one year of age the 
dwarfs, whether produced by outcross- 
ing or inbreeding, are discontinuous in 
size with their normal outcrossed or in- 
bred sibs respectively (Figure 17). There 
is, furthermore, no appreciable differ- 
ence in size between dwarfs produced by 
outcrossed or inbred matings. The uni- 
formity of the dwarfs coupled with the 
small number of animals suggests a 
monofactorial rather than a multiple- 
factor type of inheritance. While the 
genetic data are insufficient to settle the 
question of inheritance, they are sugges- 
tive (Table III). When 300C was bred 
to his own daughters he produced a total 
of 12 female progeny ; four proved to be 
normal and two dwarf, while the remain- 
ing six died early and are therefore un- 
classified. If an autosomal recessive 


TABLE I. Breeding history of dwarf cows. 


Dwarf cows 


Calves 
Gestation Sex-and 


No. and Inbreeding 


Reaction to agglutination test 


date born coefficient Date bred Sire Date born days No, Fate of calf for 3rucellosis 


349 0.0% 4/18/2h 1/24/25 276 destroyed 
b. 11/1/22 5/24/25 1/18/26 234 g Positive November 1925 
4/26/26 3000 12/18/26 ~—.232 $ Abortion 
4,06 
b. 1/22/25 0.0# 6/26/26 320A 12/1/26 158 @ = Abortion Negative up to March 1, 1927; 
2/13/27 300 11/6/27 263 lived = Not guspieious March 16, 19273 
positive June 17, 1927. 
4,60 25.78 pasture 347A 5/5/32 ? $519 Lived - Not Negative at all times. 
bred a dwarf 
b. 3/24/28 Bred subsequently many times to 347A, but 
failed to reproduce. 
432 38.67 11/16/28 + 300C 9/10/29 294 $48, Lived 3 days Negative at all times 
b. 10/5/26 3red subsequently many times to 300C, 


but failed to reproduce. 


©The inbreeding coefficient is a fraction of a per cent, but for all practical purposes should be considered 0. 


T.BLE Il. First lactation records of dwarf cows (Semi- 
official, thrice daily milking). 


Cow Age at 


No. Freshening Lactation Milk Test Fat 
Yrs. ifos. days pounds per cent pounds 

349° 2 3 305 7793 5.1 397 

40s* 1 1c 6720 €.0 402 

460 4 1 305 3164 5.9 187 

1 5.5 375 


*Unofficial, 214 days,-converted to thrice-detly milk- 
ing 305 days. 


TABLE III..n analysis of the female progeny sired by 300C. 
Unclassified 


Still born or 
Normal Dwarf died early Abortions 
300C X unrelated cows 
Observed 8 2 2 2 
300C X own daughters 
Observed 4 2 4 2 


Expected 5.25 +75 


*0n basis of one autosomal recessive gine. 
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gene is responsible for dwarfism, if sire 
300C is heterozygous, and if the ma- 
ternal grand-dams of the inbred calves 
are all non-carriers, the expected results 
from the matings would be seven nor- 
mals to one dwarf. The observed results 
for the classified females are in fair 
agreement with the expectations. If this 
simple hypothesis of inheritance is tena- 
ble for the dwarfs produced by inbreed- 
ing, how will it apply to the two dwarfs 
produced by outcrossing ? 


In checking over the pedigrees of 


300C and the dams of outcrossed dwarfs 
349 and 406, one finds two different 
animals that are common ancestors six 
to eight generations back. 

Concerning the common ancestor that 
appears more often in all three pedi- 
grees, it was found that sire 300C traces 
to this ancestor by three different paths. 
Cow 308, the dam of outcrossed dwarf 
349, also traces to this common ancestor 
by three different paths. The sire of 
cow 373, the dam of outcrossed dwarf 
406, was progeny tested and is a proved 
non-dwarf carrier. Cow 373 on her 
maternal side traces, however, to this 
common ancestor by nine different 
paths. 

The other ancestor that was common 
to the pedigree of 300C and to the dams 
of the two outcrossed dwarf calves ap- 
pears once in two of the pedigrees and 
twice in the third. Further search might 
reveal still other common ancestors. 

The appearance of these two dwarfs 
in outcross matings is logical on an 
autosomal monofactorial recessive basis 
of inheritance, even though it is not con- 
clusive proof that the recessive monofac- 
torial hypothesis of inheritance is cor- 
rect. 

The progeny resulting from dwarf 
cows fail to add much information on 
the inheritance of dwarfism. Most of 
the calves were born prematurely or died 
soon after birth before the phenotype 
could be determined. Dwarf 406 bred 
to her own sire produced female 488. 
This calf was kept in the herd six years. 
She had normal curves for weight, 
height, and heart girth. 

Dwarf 460 produced a female sired 
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by 347A, an inbred son of 300C. The 
genotype of 347A was never determined. 
Calf 519 was kept in the herd a year, 
and all the indices of body size indicated 
that she was normal. The offspring 
from these two matings offer additional 
evidence, which cannot be regarded 
lightly, that normal size is dominant to 
dwarfism. All the results appear to fit a 
monofactorial autosomal recessive type 
of inheritance. 


Discussion 


If the condition herein described has 
been reported before, the fact has 
escaped the author’s attention. These 
dwarfs should not be confused with 
the “Duck-legged” cattle described by 
Lush.? In the “Duck-legged” types the 
long bones of the legs are reduced in 
length, but the body weight is not ap- 
preciably reduced. The “Duck-legged” 
condition is apparently conditioned by a 
dominant or incompletely dominant gene 
that may be identical with the Dexter 
gene. 

These dwarfs are of practical and 
theoretical interest. In addition to low 
fecundity, their small size limits their 
lactating capacity and hence makes them 
undesirable from the dairyman’s stand- 
point. The line was discarded in 1933 
in order to make room for other more 
desirable lines. 

From the standpoint of the inheritance 
of racial size the dwarfs are of consider- 
able interest. Although the evidence is 
inconclusive, it seems logical to suspect 
that one factor pair conditions this type 
of proportionate dwarfism. If this in- 
terpretation is correct, one pair of size 
factors has been observed and isolated 
from the multiple factor complex regu- 
lating racial size in cattle. 

Physiological and endocrine relation- 
ships of the dwarfs are not without 
interest, but studies of that nature were 
not possible when the animals were 
available. 

Summary 


A new type of proportionate dwarf- 
ism segregated from inbred and out- 
cross matings among the progeny of 
one sire. At birth the dwarfs cannot be 
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distinguished by appearance, weight, 
height, or heart girth. Though they 
grow more slowly than normal out- 


. crossed or inbred sibs, they cannot be 


identified until about 12 months old. 


All the dwarfs reproduced, but on the 
whole their reproductive potential was 
lower than that of normal outcrossed or 
inbred sibs. Considering body size and 
age, three of them lactated rather well ; 
the fourth very poorly. 

The evidence indicates that this par- 
ticular type of dwarfism is hereditary 
and may be conditioned by a single 
autosomal recessive gene. 
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least a large majority held good eugenic 
opinions and would not oppose an eu- 
genic program. There were definite re- 
ligious differences in reaction. 

A detailed report of this study, with 
a tabulation of the replies has been filed 
with the American Documentation In- 
‘stitution as Document Number 1654. 
Copies can be obtained from the non- 
profit Bibliofilm Service, 1719 N St., 
N. W., Washington, D. C., by ordering 
Document 1654, remitting 25 cents for 
copy in microfilm, readably enlarged full- 
size on reading machine or hand viewer, 
or $1.60 for copy in the form of paper 
photoprints readable without optical aid. 


Victor A. GREULACH 


Associate Professor of Biology 
University of Houston 
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INBRED MICE 


FOR RESEARCH IN EXPERIMENTAL BIOLOGY AND MEDICINE 


URING the past few years this Laboratory has completed the establishment of a number 

of inbred and hence genetically homogeneous strains of mice which have proven extremely 

valuable for research in experimental medicine and biology. The inbreeding is carried 
on through repeated brother times sister matings. The essential consequence of the inbreeding 
is that the individuals within a strain become increasingly uniform in their heredity and after 
twenty generations may be regarded for all practical purposes as genetically identical. The use 
of such material largely eliminates a common source of difficulty in biological investigations, 
namely, the inherent variability of the organisms ordinarily available. The uniformity of inbred 
strains is illustrated by the fact that tumors originating in such a strain, when transplanted, 
will grow in 100% of the individuals of that strain, but will grow irregularly if at all in other 
strains. 
Careful checks are maintained on the homogeneity of the strains carried by this Laboratory. 
Sublines tend to develop within an inbred strain due to the accumulation of minor mutations. 
These are detected and where advisable eliminated through the use of appropriate tests and 
breeding methods. 

The Laboratory will welcome inquiries from scientific laboratories and hospitals concerning 

the inbred stock available or with regard to the possibility of providing stocks and types suitable 
for special experimental problems. 


Supply Department 
ROSCOE B. JACKSON MEMORIAL LABORATORY 
Bar Harbor Maine 


ANIMAL SIMPLIFIED 


NO MIXING—MEASURING—MUSS 


No more weighing . . . mixing. . . cooking 
or cleaning up. Purina Laboratory Chows 
are controlled rations in dry form — easy 
to feed, time saving. Scientifically bal- 
anced, they help promote high reproduc- 
tion, uniform growth, and good body C4 
| condition. Purina Mills, 
St. Louis, Mo. 
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